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Original Communications 

HONESTY AND OOURAQE CAN ERADICATr THBERCULOSIS 

EnwAHo J. O’BmKN, JF.D. 

Dimtorr, Jtrcii. 

F I VfF million or nioi'C pewons die evorj' ^ enr from tiil-ewiilosis. Five hundred 
thousand die in India alone. 

In the Pliilippincs over 35,000 dcnt is oecur nnnunll.v, one evcrj' fifteen 
minutes. Over a million more have tnherciiIo.sls, and the population is onl.v 
eighteen million. In the slum areas, ehildrcn Iwlow 2 years old arc 80 per cent 
positive, and hetween 3 to 4 ,vonrs of age. lOO [)cr cent. 

In Poland one out of evor;v ten persons has nctivi' tuhoroulosLs. Similar or 
tvorse conditions exist in inan.v pnris of the world. In man.v areas mortality 
' rates from 500 to 800 per hundred thottsand are roi> rted, 

In the Septcmlwr ime of the National Tu'icrculosi<i Agsociaiion Bwlleiin, 
Perkins staled there wore over 500,000 p'^rsoas in the United States ;vith active 
tuberculosis, more than one-half of whom are not knomi; the e.xact nnmher could 
bo larger. Certainly the tuberculosis decline is Jagging far iHHiind other com- 
mtinicable disea-scs, .vet we arc told tuberculosis is under control. 

In tbe United States, case-finding progi-ams, iio-spitaliaation, isolation, and 
treatment are among the l>cst in the world, bvtt about 50,000 die hero every year. 
Moreover, our countrj- conlain.s only 5 per cent of tlie world’s population and 
cannot be isolated. The world i.s getting smaller. If con now be circled in about 
flii'ce daj-s. Tbe tubercle bacillus knows no boundnr 3 ’ lines. TlioiLsands of onr 
citizens travel all over tlic world and j)coj)lo from other countries aic coming 
into ours. In many place.s, certificates of health against .smallpox, typhoid, 
etc., are compulsory, but for t nbereulosis tlicrc are no luirricrs. 

In the past year I have traveled aiwut 75,000 miles hy air msitiug Asia and 
Europe, ns well as Hawaii, tlie Pliilippiucs, South and Central America, and 
have had definitely impressed nijon me that nothing worthy of being called tuber¬ 
culosis control e.vists. My pilgrimage, plus my intimate association irith this 
disease for many years, has continced mo tlmt if we arc over succcssfnlly to 
comimt it, we must iijipronch tlie ])robIcm witli a imieli bi-oador vi.sion than wc 
liavc in the past. Some of my oh.servntioas I should like to leave uith yon today. 

I’reflidentlal ntMrtyw. ThlrtleUi Annuul Meetlnir of The .iVinerlcan w\»*oclallon for Thoracic 
8urccr>', Penver, Colo., April 15. 16, 17. And 18, 1850. 
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In poverty stileken India people live in cubbyholes, often with cows, goats, 
manure, etc., and under sueli crowded conditions that they sleep in rows. IMuch 
inalnuti-ition exists, and hygienic conditions are nonexistent. There are only 127 
beds for tuberculosis in the large city of Delhi, and 7,500 in all of India. With 
hopelessly inadequate numbers of hospital beds, surgeons, and medical men, 
proper treatment is absolutely impossible. 

In Japan, the badly overcrowded housing, the hygienic conditions, poveidy, 
and malnutrition are almost as bad. Some good surgeiu’- is done, and there are 
some good hospitals, but most of the treatment of tuberculosis consists of 
ambulatory pneumothorax at medical centers. They have a center for every 
100,000 pei-sons. I found that only 60 per cent of the patients treated had 
positive sputum when pneumothorax was started, and only 50 per cent were 
converted by treatment. All of the.se are living at home infecting others. 

In China, with the Communists overrunning most of the country, no official 
figures were available, but I was told by Chinese doctors that in many parts 30 to 
50 per cent of the population have tubereulo.sis. There are only 300 beds in all 
Hong Kong. The Minister of Health told me that most patients got well while 
at work and without treatment in a period of about six months. I leave this 
with you -without comment. 

In the Philippines I was told by Dr. Arguellis, to whom I am indebted for 
considerable statistical material, that the mortality rate is about 170 per 100,000 
in rural districts, and about 270 per 100,000 in Manila proper. There ai'e some 
good hospitals there, but it is economically impossible to adequately care for 
tuberculosis. 

In Siam there are only a few fifty-bed hospitals. The same stoiy of poverty, 
bad sanitation, etc., exists. No attempt is made to control tuberculosis. 
Ambulatory pneumothorax again is the principal ti’eatment. The mortality rate, 
I was told, was 275 per 100,000, but it is no doubt higher. 

In Egypt proper facilities simply do not exist. Estimate on mortality 
rates varied from 200 to 300 or over per hundred thousand. I left Egj^pt -ndth 
only the knowledge that little or nothing is done for the tuberculous except 
ambulatory intra- or extrapleural pneumothorax, and as in other countides 
abroad, some streptomycin for the rich. I am .sure nobody knows what the 
real situation is, and it was my feeling that they do not care. 

When Hitler came to power in Germany he threw out manj' of the best 
doctors who were not Nazis. When we took over, we threw out aD the Nazis. 
There are many doctors there who have had only nine months of college educa¬ 
tion. Shortly after our occupation, efforts were made toward the management 
of tubercidosis in Bi-itish, American, and French Zones, biit when Clay and 
Hawley took over, I am told, the medical pei’sonnel representing the United 
States was cut from 174 to 7. In October, 1949, we had no doctor in either 
Berlin or Bremen. In fact, there was no longer a Department of Health. This 
had been put under welfare and education, and instead of doctois, there was an 
influx of ministers, teachei-s, morie actors, etc. I am infonned that kIcCloy has 
made it possible for Col. Lundeberg and Col. DePon-est, Dr. Benning, and 
others who represent us in Germany, to again encourage active measures. 
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Statistics llici'c are prnctieiillv worthless. TiilierculoiLs persons get increased 
rations and Gorman doctors arc drilling to coo))oratc and diagnose tnliemdosis 
whore it docs not c.Yist. Tiioi r decrease in mortality rate is, in my opinion, partly 
due to few post-mortem.s, and change in the cIa.ssifleafion of deaths. One sncli 
classifiention Ls senility. IIow many of the.se died of tnl)crculo3i.s is anybody’s 
guess. A prominent Gi rman doctor stated to me that tliero were 25,000 active 
cases linng at home in Berlin alone, noth the consent of the authorities, because 
tuberculosis was not considered eonununicahle in the adult stage. From 70 to 
00 per cent of the cattle there are infected. Slilk is sold on the streets out of 
pails. It is also .skimmed and fed to calves, hogs, etc. Therefore, a good per¬ 
centage of these now have the disease. AVith fraternization going on between our 
troops and the German girls, tubei-eulosis is quite a problem for us in Germany, 
Dr. Esmond Long stated that everv American soldier contracting tuberculosis 
there costs the United States government $30,000. I . Germany, as in most 
countries abroad, .streptomycin and pam-aminosi lieyl' acid (PAS) have been 
iLscd mostly for meningeal and miliar.v t bcreul )sis. TB(1) in Germany has 
l>ccn used in Ic.ss than 10,000 pci'son.s, am' the remits lo not convincing. It is 
used mostly for bronehial. intestinal, and g andnlor tulx eulasis. 

In Copenhagen, e.xccllcnt conditions exist. One-<|ua)ter of the whole popula¬ 
tion is x-ray or tuberculin te.sted every year. Everybody is examined, there¬ 
fore, cverj’ four .veal's. Their moiialily rate of .3-1 iicr hundred thousand Ls 
among the lowe.st in the world, hut tulicrculosis i^ still the groat killer there. In 
Rumania, Croehoslovakia, and Austria the.- repo.t tb use of an antigen called 
tuborculomuoLn, but its real value has noi been (stabbshed. 

In Italy, Prance, England, and Ireland, the -ond tions are better than tliey 
are in Central Euroiic, but still vco’ had. Anibuln.orj’ pneimiothorn.x Ls the 
national pastime. In Itnl.v, Dr. Pasluci, Dr. Jlonaldi. and others are excellent 
surgeons, but a proper program of tubcivulosLs control docs not exist. 

In Switzerland, where the conditions should be ideal, the mortality rate is 
still about G7 per hundred thousand. They have good ho-spitals and doctors, 
but thousands there are still d.Nung from this disease. 

In South and Central America ns in nil of Europe and Asia the treatment 
of tuberculosis is not much more than a gesture. Ambulatoty pneumothorax is 
the only treatment that can Iw used on a large scale. 'Time and space prevent a 
detailed report on all the countries I have visited, but, in a general way, their 
ivroblems are the same and tuberculosis eradication is still a dream of the long 
distant future. 

President Roosevelt was certainly ill advised when, a number of years ago, 
he said, “Now that wo have tubereulasis under control, we must begin on 
eancor.” One wonders whether, when we discover the cause of cancer, we shall 
be ns apathetic and lethargic in appl.ving our knowledge to treat this disease 
as wo are with tubeieulosis. 

There is no need lo mention the great strides made in the surgical trontment 
of this disease. It is rather its improper use upon which I should like briefly 
to dwell. Surgery pln.vs only a small part in the over-all jiicturc of tnlmrcu- 
losis eradication, but it, together with antibiotics and other mea.sures now era- 
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ployed for salvage, vdll be for many years to come an essential and integral 
part of our program. The millions of persons now li%dng, and the millions more 
to follow who may conti’act this disease, however, should be our greatest concern. 
For these we are doing verj' little. We, as .surgeons, are really working on the 
wrong end of the line, trying to overeome the ravages of a communicable disease 
that should not exist. 

We have aU been lulled into a sense of false security by the repeated state¬ 
ments that tuberculosis is on the decline or is “under control.” We go on our 
way emhellishing techniques or substituting some new bizarre, and often ridicu¬ 
lous, measm'es which accomplish less than the ones thej’ were intended to sup¬ 
plant. In my recent world tour, I saw and heard of many such procedures. 
These are frequently used also in this countiw. 

Pneumothorax is rapidly being discarded as a procedure of choice. Its 
many complications of fluid, empyema, frequent inability of lung re-expansion 
following its use, together with the inability to detei-mine the condition of the 
lesion in the collapsed lung, impossibility of knowing when to discontinue it, 
etc., have con^dnced most observers that it should be virtually abandoned. It is 
still used routinely, however, in some places, often being carried on for yeai-s 
with the patient at home, with positive sputum under ineffective collapse. The 
same is true of pneumoperitoneum. 

I have discussed intrapleural pneumothorax at length because the same 
complications that follow its use are also encountered in the surgical procedure, 
extrapleural pneumothorax. When the extrapleural space is maintained by air, 
these complications are about the same as just described, but manj’^ surgeons are 
not satisfied "with this debacle and fill the space with all sorts of foreign bodies. 
Those most frequently used are Gomenal, paraffin, and Lucite balls. Gomenal 
sometimes develops into a pus poultice. Many years ago I had two patients 
drown following its rupturing into a bronchus. Paraffin may also rupture into 
the bronchus or become infected, and frequently does. Lucite balls, from pres¬ 
sure and necrosis, sometimes rupture into the mediastinum, the other hemi- 
thorax, the neck, or any place available. At Duke University years were spent 
digging out these balls, but today many surgeons are still using them routinely. 
The use of these procedures is haphazard, unscientific, inexact, and inexcusable. 
We have all seen even small cavities change in position, but not in size, under a 
90 per cent collapse with pneumothorax or thoracoplasty. How, therefore, can 
anybody without Divine guidance know how much paraffin or how many Lucite 
balls vull be necessaiy to cause cavity closure. Furtheimore, once thev are put 
into the space, they obscure the x-ray examination and one cannot tell whether 
cavities are closed or not. If they are still open, further attempts to close them 
might be extremely hazardous. Natui'e, however, apparently rebels at the 
presence of foreign bodies, and seeks to eject them in one way or another. 
There are some few isolated cases, vuth extensive collapse in the contralateral 
limg and low respiratoiy reserve, wdth a smaU cavity high up in the apex of 
the other lung, where a small pack might be excusable, but their routine use 
should be abolished. 
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Our Ixyit results nro usunlly found followiiip tlioiticoplasty. TuhotAudosis 
is n sx'stomic diseiise, iiiid tlicreforp when it seems proimbic Hint thoroeoplnsty 
can ncconiplish the desireil resiills, it is prefcmble to resection. Tbere are 
numerous lesions not nmennlile to it, Iiowever, .sucli as tubercnlons bronclii- 
ectnsls, .stenotie bronelii with dison.st'd luiifr lieyond, coin and round lesions, and 
imrcncliymnl lesions tbnt cannot be differentiated from enieinomn. In nnmeron.s 
other conditions in wliioh resection miRlit be ])rcforablc there is a great difference 
of opinion. I hojic tliis may lie standardized ns much os pos.silile. 

The greatest nunilier of lung resections are done for the group of patients 
Avhose cavities remain open after thomcopla.sty. I should like to diseu.<s this 
group in more detail. Cavities still romaining open after this procedure are 
often due to bad tlioracoplastie.s, and ridiculous embellishments of it. The use 
of small or multiple incisioms, working in the dark to lig ribs out of a tunnel, 
failure to remove transvcise processes, the use of all - its of tempomrA' iiaeks 
between .stages to overcome failure to remove suffi' ient ngths of ribs overhung 
the earnty are the most frequent causes of fiiilui-c. If a md clean thoracoplast.v, 
done under good vision, is performed, rvitb die removal i all transverse processes 
including the first, and the complete remowd of at lea.st be first three ribs to the 
cartilages including the first cartilage from behind, anu the remaining ribs far 
in front, there will bo fewer anterior stages necessary-, and a marked reduction 
in the numlier of residual curitics that require re.scetion. After a bad thoraco¬ 
plasty u-itli cavities still remaining, we aic confr iited Avith the difficult decision 
of either doing .several stages of revision, plus probable removal of more ribs, 
or of resecting. The patient has, by this time, bet n subjected to a lot of fruitless 
and unnccessarv mutilation after which resection ai d death sometimes occur 
needlessly because projior surgorj' bad not beeii don i in the first place. The 
patient’s respirator.' rcson'o will, of course, rc<iuire some modification of this 
ideal procedure. 

Some surgeons use an anterior stage us the first procedure. Most cavities 
arc situated posteriorly. If a tlioracoplasty Is properly done fi-om behind, this 
stage is often not required. Some surgeons use it routinely after two or three 
posterior stages, regardless of the location of the caritj', or that an insufficient 
number of ribs have obriously been removed, ■with the cavity plainly risible 
posteriorly, directly under the unremoved ribs that are liolding it open. By 
this time tlie rebridged bone, in the upper dccostalized area, is so firm that an 
anterior stage is practically useless. 

The Jlonaldi operation and cavemostomy have been practically discarded 
throughout tlie world, except for sj-mptomatic relief or preparatory to tlioraco- 
plasty. In my travels I found only Monaldi himself advocating his procedure 
in preference to thoracoplasty, resection, etc. In Vienna, Denk is very partial 
to cavemostomy, but ho was the only one I found wlio favored it. However, 
there are still some few surgeons who arc using these procedures routinely in 
America. 

I find reports of permanent paralysis, following crushing of tlie phrenic 
nerve, vaiying from 5 to over 20 per cent, depending upon the technique used. 
In some clinics, the nen-e and sheath were macerated by 7 or 8 cn-ushings; others 
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tied silk tightlj^ around the sheath to make identification easier on a second 
crushing. jMany other insults to the nerve and sheatli have been perpetrated. 
Actually there is necessity for only one crushing of the nerve vdth a fine forcep 
and severing of small accessories. If the accessory nerve is a large one, it only 
should be crushed in my opinion. If small incisions and careful dissection are 
used I believe permanent paralysis mil occur in not much more than 1 per cent. 
With recrushings and those done in conjunction with pneumoperitoneum, the 
percentage will be somewhat higher. 

Streptomycin, PAS, etc., have in this countiy completely i-evolutionized 
the surgical treatment of this disease, hut so much has been written on this 
subject that I shall not discuss it here. Waksman’s recent book contains a 
chapter on the subject which I wrote. 

It has been determined, however, that patients mth tuberculous cavities, 
become resistant to streptomycin much earlier than those mthout them. It is 
imperative, therefore, that with captation some fonn of collapse be given simul¬ 
taneously with streptomycin. In unilateral lesions, phrenic operations and 
thoracoplasties are the procedures of choice, but in bilateral lesions, pneumoperi¬ 
toneum may be utilized until one side becomes stable, and it can be determined 
what permanent procedure, if such is necessaiy, may be performed. 

In spite of surgeiy and our present antibiotics, however, we are not -getting 
tuberculosis under conti-ol, for no matter how many we salvage the host of new 
victims are forever surging onward with a horrible toll. The hoped for benefits 
from case finding and hospitalization are rarely achieved for, in most or all 
places, such scarcity of hospital beds exist that it sometimes appeal’s futile to 
find active eases when little can be done about them Avhen they are discovered. 
This condition will always exist in most parts of the world. After hospitalization 
has been accomplished many patients leave against medical advice and go back 
to their homes, again spreading tuberculosis to all vith Avhom they are in 
contact. The stupid requirements for nurses’ training also adds to our difficulties. 
Thousands of patients with positive sputum roam the streets awaiting admission 
to sanatoria, which is denied them because of deficient nursing personnel. Case¬ 
finding programs are usually haphazard, sporadic affairs carried on in the most 
densely populated areas, and in .schools, -with a great bulk of the population not 
reached. 

It is argued that in the United States ivith its relatively low mortality rate 
further measures are unnecessary. However, about 50,000 die of tuberculosis 
here every year and 500,000 or more have active disease. The incidence of 
tirberculosis seems to me to be of more significance than death rates; and we have 
no proof that the incidence is on the decline. Death rates fluctuate rvith economic 
conditions, wars, facilities for isolation and treatment, inherent and acquired 
resistance, etc., and cannot be an accurate guide to incidence. The examination 
of millions of draftees in the last war should have caused a tremendous declhie 
in both mortality and incidence. Lack of hospital beds for active cases, however, 
counteracted much of the expected results. Many indirtduals also with knovTi 
disease refused to be hospitalized during this period, because of high wages 
paid for labor, and remamed at work, living with their families spreading 
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(liscnsc until it wns too late i'ot treatment. Tlii.s i)mctienll.v millificrl the ro.sults 
of this mass sun'c.v. In tlie In.sl few .veurs the use of strc))toni,vein. PAR, and 
surfrerj’ have caused a dniii iu death rnte.s. llan.v whose deaths liave heen 
retarded by thc.so measures, however, will die later and cause au upswing in 
mortality rates. In the ivai--torn connirios of Eui-ope, the recent reduction in 
death rates is onl.v apnaient, not nsd. Jlaii.r individuals who under normal 
conditions would have lived through the ))cnk of the hifth death i-ates of 1945 
and 394G died premnlurel.v from lack of heat, food, light, etc., causing an up- 
SAriug in mortality rates. Following their deaths there would obviously be a 
dro)) in death rates, for most of the verj- ill individuals were gone and there 
were loft tbasc with early lesions, and di.seasc iu those iieisons who bad sufificient 
rcsi.stance to overcome all these hardships. The morlalit.v rates may .soon turn 
upward again mdess some other melhoils arc omidoved to combat the disease. 

Lot us snppo.se, however, that our piTsmit method^ re sufficient and we can 
actually rid our eountra' of aolivo tuborciilosis. Meg. ivc fubereulin reactions 
and lowered resistance inci'easc us active t dicreulosis d reases .so we would then 
develop a race of individuals like the Eskimo.s. Indians nd Negioes who because 
of lack of contact m'th tulicreido.sis have little iTsistr ice to it. It would not 
be long licforo this new race would die from tulH'i-culo-.is like rats caught in a 
trap created b.v us. Many observations seem to confirm the iirobabilit.v of this 
occurrence. One of the most interesting of lbc.se occuriTd on the Island of 
Bornholm, whore the incidence of tuberculin negative indi\-iduals was the highest 
in Denmark. IVljen these [icrsons tvent to other eounirics, or ai'cas where 
tuberculosis was more prevalent, and ivtunic-^ at. olaiaiing rate of active 
tuberculosis was found among tliem. This continued until tuberculin negatives 
were converted to positive lieforo leaving the island. We cannot completely stop 
the constant flow of peoidc to and from other countries. The more we decrease 
the incidence of tubeivulasis iu one countr.v, or parts of it, therefore, the greater 
is the need for protection to tidierculin negative indimduals. Unless we irse 
vaccination as in sinallpox, diphtheria, etc., there is, in my opinion, no hope 
of ever obtaining this protection, nitbout which the eradication of tulierculosis 
is impossible. Wo have such a vnceiiic available, but through ignorance of its 
efficiency, misunderstandings regarding its Imrmlcssncss, prejudice, jcaloasics, 
lethargy, and apathy, its use has been neglected. That vacoine is B.C.G. 

There can bo no (picstion at the present time as to the efficieuc.v and harm- 
Icxsiicss of B.C.G., but its development has Iicen a slow process. AABien Koch 
discovered the tulicrelo bacillus in 1882, the conquest of tuberculosis was thought 
to be within our gi-as]). He found that a guinea pig, already tuberculous, was 
resistant to a second tuberculoas infection. The original infection ran its usual 
course, but a .second inoculation produced only a local reaction, and healed 
ra))idl.v. This is Koch’s phenomenon. Healed lupmi also in-oduccs protection 
against tuboreulosis. These discoveries made it (piite clear that increased re¬ 
sistance to and prevention of tulsjreulasis could Iw accomplished if a safe method 
were discovered to produce it. Tuberculin was tried at fiist. Many workers 
also tried dead tubercle bacilli, but all were disappointed with the results. E.x- 
pcrimental work, however, is still going on with dead bacilli, and also -ivith the 
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vole bacillus of wells. The use of live tubercle liacilli was then started. All 
sorts of experiments were made and conflicting reports appeared in literature. 
It was not until Calmette and Gu4rin in 1908, using the Nocard’s bovine stiain 
of the tubercle bacillus from the udder of a cow, that real progress was begun. 
At the start of these experiments toward the attenuation of the live bacillus, it 
was so rtralent that 3 mg. injected into calves produced death in 5 to 6 weeks. 
However, after 30 passages on glycerine bile potato medium every 25 days, it 
became innocuous for calves. Eleven years after the start it became innocuous 
for guinea pigs wliich have practically no resistance to tuberculosis. In 1924, 
Calmette declared it a “Virus Fixe” which would remain avirulent. This was 
accomplished after 230 subcultures of the strain had been made. To insure 
this avirulence constant assajdng of cultures is necessary. In 1927, Petroff 
published his work and claimed he had groira a viimlent variant called “S” 
from Calmette’s B.C.G. culture as well as the “R” which was aviinlent. The 
political and personal squabbles and jealousies that followed between men and 
nations were disgusting and are too numerous to mention. Some supported 
Calmette and others Petroff; others had views of their own. Much confusion 
existed, but Calmette, Guerin, and their followei’s remained firm in their belief 
and vaccination of luunan beings continued. In 1930, the Lubeck disaster oc¬ 
curred which shocked the world and did a great deal to destroy confidence in 
B.C.G. So much confusion existed then and still pei'sists that a detailed report 
of the incident I feel is necessary. 

Early in 1930, 249 infants were vaccinated in the town of Lubeck, Gennany. 
The vaccine used was a culture of B.C.G. from the Pasteur Institute. Later 73 
infants died. Criminal proceedings were started and all vaccinations were 
stopped. Investigatoi-s found fii’st that the strain from which the vaccine came 
was avirulent when it left the Pasteur Institute, and to this day it has remained 
so. A vaccine made from the same culture had been given to infants, in another 
city, at the same time and there were no untoward results. Cultures were made 
from autopsy material and the organisms groAvn were of the human tjqie. B.C.G. 
is from bortne tubercle bacillus. In the laboratorj- at Lubeck there was a human 
culture from Kiel. When the Kiel culture was gro^vn on bouillon it gave a green 
color which never occurs from B.C.G. Ampules of the vaccine as given at 
Lubeck were groum. on bouillon and the green color occurred. Cultures from 
autopsy material also turned green, so it was the Kiel culture used by mistake 
that caused the deaths and not B.C.G., for as stated B.C.G. does not produce the 
green color. The court so decided and declared B.C.G. blameless. 

When Calmette died in 1933, the use of B.C.G. was practically discontinued. 
The Seandinartan coimtries, however, as well as some othei-s, retained their 
faith in Calmette and continued its use. Gradually it was started again else¬ 
where. Not one report of untoward results or suggested ^^rulence has been 
reported in the last twenty yearo. It is now accepted in most of the countries 
of the world. The woivy today is not that the use of the vaccine is hazardous, 
but rather that it might not be virulent enough to cause sufficient resistance and 
immunity to tuberculosis. In one instance 400 times and in another 2,000 times 
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tile iisun] doRO wns pivon by nccident with no ill cfTcots. The liqnid fonn loses 
some of its potoney if too Ion;; n delay occurs between its mnnnfnctnrc and ils 
tise. Dry vneeine can bo tinnsporlerl with less need for baste. 

IJ.C.O. is just now coining into its own. The nnmbers of controllctl vac¬ 
cinations in each eonntry, bowever, arc naturally relatively small. In nil proups, 
bowever, tbe morbidity and ntortalit.v rates were markedly reduced and no 
complications followed its nsc. 

In India I wn.s told by Ixttb Dr. Benjamin, Tuberculosis Adviser to tbe 
Ooveniment of India, and Dr. llani of tbe World Ilenltb Organization in Dolbi 
tbal because of tbe letbarpy of tbo United States and England regarding its 
use tbe doclois are .skeptical of its cfllcaey and its popularity in India bas Itcen 
•seriousl.v retarded. 

In Japan tbe mortality rate, in 1945, was 289 ])ei imndred tbousand. In 
that country as in olbers vaccination is now eompnlso '. tinder General llac- 
Artliur and Brigadier General Sants tbr mortality ite bas been markedly 
reduced. Tbirty-ono million B.C.G. vaccinations bav been given tbere with 
not one untoward result. In tbe vaccinated group tb reduction in mortality 
bas been 88 per cent. Tins wa-s done under the badly overcrowded and un- 
bygieuic conditions. 

In Copenbagen B.C.G. vaccination bas been carried on .since 1927, but its 
use was carried on slowly and with great care. At first various small groups 
were vaccinated with proper controls, etc., but in 1947, mass vaccination was 
begun. Three hundred thousand vacciuations have been done to date, 150,000 
of which were in the last two years. Statistics for large groups therefore aro 
not .vet availahlo. In the wcll-eontrollcd groups, however, some startling figures 
can he obtained. The most striking of these was in an underground shelter 
in a Jutland school where by chance tbe nio.st favorable conditions for evaluating 
B.C.G. were present. Tbere were three groups of children; 105 of whom had 
positive reactions from contact, lOG were positive by vaccination, and 94 tuber¬ 
culin negative and not vaccinated. They were all underground, no light, no 
ventilation, the same food, etc., and bad ns a teacher a person with active tuber¬ 
culosis. An epidemic of tuberculosis broke out and a check-up revealed that 
in tbe 105 children positive from contact 4 developed tuberculosis. In tbe lOG 
positive by vaccination 2 developed mild tuberculosis. In tbe tuberculin negative 
group of 94 not vaccinated, 70 developed tuliei-cnlosis. Dr. Tonderlund in 
Copenliagcn stated that vaccination will cause an immunity in 70 to 90 per cent 
and will last from to 5 yeai-s. If tuhei-culosis does develop in those vac¬ 
cinated, it LS usually of a milder form. They have found also that patients Avitb 
positive tulmrcnlin reaction from contact develop tuberculosis 8 to 1 over those 
positive from vaccination. This is I>ecau.sc many contact positives already have 
active disease wiiicb will show up lator. This Avill not be true in a controlled 
vaccinated group. 

It is impossible to dwell at length on the results of the large number of 
persoas vaccinated throughout the world, but I shall give you just a brief 
snmmaiy of some of tliera. They arc, of course, all in well-controlled groups. 
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In Sweden about 500,000 persons have been vaccinated. In 1945, Anderson 
and Belfrage reported vaeeination of 10.6 per cent of the population of Gothen- 
berg, Sweden, where the moidality as a whole was 68 per hundred thousand, but 
no deaths from tuberculosis occurred in the vaccinated groups. 

In Orebro, Sweden, Mahnos reported 22,413 vaccinations wth no deaths in 
the vaccinated giTinp, and only one case of tuberculosis developing in those 
vaccinated. 

In Bores, in the same countiy, Torwell reported 19,000 vaccinations by 
1947, and the mortality rate Avas 1 to 19 in the vaccinated group as compared 
to those not A’aeeinated. 

In Norway, more than 400,000 vaccinations ha^m been done. Heinbeck 
reported that in controlled groups the morbidity and mortality in the vaccinated 
persons was from one-fifth to one-tenth in the nonvaccinated. This was after 
23 observation years. 

In Bergen none of the pei-sons vaccinated between 1937 and 1946 died of 
tuberculosis although the mortality of the city was 78 per hundred thousand. 

In Brazil 164,000 were vaccinated in Rio de Janiero alone up to 1946. 
Orlando de Assis stated that the number of deaths in the newborn infants liAung 
in tuberculous families vanes from 8 to 30 per cent. In the vaccinated groups 
it was 2.2 per cent. 

In Argentina 500,000 vaccinations were done and Gomez reported the 
mortality in the vaccinated group was one-sixth of those not vaccinated. 

In Russia millions of vaccinations have been reported and great claims are 
made of the results, but as no one believes the Russians anyway, and because I 
Avas refused permission to enter the country to observe their work, I shall omit 
their figures. 

In Uruguay over 200,000 vaccinations have been done and the mortality 
rate is five to six times higher in nonAmcciuated than in the vaccinated controls. 

In Columbia 26,800 AA^ere vaccinated up to 1948. In one group the morbidity 
was 1.1 per cent in vaccinated group and 15.1 per cent in the nonvaccinated 
group. 

In Prance 2,000,000 persons were A'accinated up to 1948. AU report de¬ 
creased mortality in vaccinated groups. 

In Greece 34,279 Avere vaccinated in Athens and Pireus. In one control 
group no deaths from tuberculosis occurred in those vaccinated while 10 per cent 
died in the nonvaccinated. 

In Algeria they vaccinate everyone eveiy three years Avithout taking tuber¬ 
culin tests. In aU these Amccinations as A\dth all the 50 million now given there 
Avere no ill effects folloAving its use. 

The surprising thing is that B.C.G. is not used more extensively in the 
United States for it is in this countiy Avhere some of the most competent and 
experienced bacteriologists and investigators of B.C.G. are working, and where 
some of the most carefully supervised experiments on its efficacy and harmless¬ 
ness were undertaken. The most important of these studies were made by Aron¬ 
son and Palmer, Park, Rosenthal and Birlchaug. 
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Hr. Pni'k, of iSVw York, iT|)orlcrl GOO vneciunttKl and 76S rontroLs nil hnilinpr 
from fiilicreiiloiis fiimilira, cnrcfiilly nnnlyzod nnd followed for ten years. The 
iiiorinlity rale wns oiie-foiirih ns liipli in llio,sc vneeinnted ns in the controls. 
Pr. Cnmilic Cnyley, who walked with Pr. Park for twenty-three .venrs, stated 
thni when Park died he wns eonvineed that nnnly.sis of small uronp.s would not 
jn-operly denion.stnite the clTeetivciies.s of B.C.G. nnd advised ma.ss vneeinntion. 

Aioirson nnd Pnlnier mnde n study of B.C.G. on the North jkmcrienn Indians 
liesinninn in I93G. Theie wei-o 1,5SJ vaceiiiatcd nnd 1,457 controls. They weie 
followed for eleven years. There wns nhont 80 per cent reduction in the 
mortality rale in those vaccinated. Aromson now directs a B.C.G. Inlwratory 
at Philips Inslilutc in Philadelphia. 

In Chicajro under Dr. l}o.senthnl a i-ipidly eontrolltsl program -was conducted 
in several groinw. Two of the.s'C have heen ohsciwed for thiihccn years, ^irst; 
Newborn infants living in areas where the mortality '.om tuberculosis was up 
to 300 per hundml thousand. Second: Newborn infa is in which tulicrculosis 
was pi'oscnl in tlie household. The moriality nnd ni i hidity were reduced in 
all groups. In Group 1 there were seven times as ra., ly deatlis in the control 
group ns in those vaccinated. In Group 2 there were no deaths in the vaccinated 
group nnd four in tlio controi group. Ro.scnthnl now manufactures B.C.G. at 
the Tice laihorntorr- in Chicago under The lic.seareli Foundation, which gra¬ 
ciously supplies it to many states, including Jlichigan. 

Dr. Konrad Birkhnug directs a B.C.tt. lahoratorj- at Albany, N. Y., which 
funiiahcs B.C.G. for all New York state. lie fo.-inerly directed a laboratory at 
Bergen, Norway, for ton years. lie stated that vaccination confers nppro.vimately 
80 per cent protection against tuberculosis nnd is alisolutely essential to tuber¬ 
culosis eradication. 

These laboratories could furnish a .safe vaccine for ah the United States. 
Its indiscriminate manufacture nnd use cannot lie condoned. 

It is, of course, uiidcrstnndablo that many countries should have been 
reluctant to embark ou a program of vaccination while so much controvei-sj' was 
going on, but now that B.C.G. has been universally accepted as absolutely hnim- 
Icss and does confer immunity up to 90 per cent or over, there can no longer be 
any valid reason for it being withiield. Limited c.xperimenta are no longer 
necessary. 

Vaccinations should begin at birth in every' country' of tho world. When 
individuals again become tuberculin negative they' must be rovaccinated and the 
process kept up tliroughout their lives, giving some meaning to the shopworn 
e.vpression “from the cradle to the grave.” 

The United Nations, the United Nations International Childrens Emergency 
Fund, AVorld Health Organization, International Congress on B.C.G., the 
American Ti-udeau Society, etc., have all sanctioned the use of B.C.G., 
but we with our ostriehlike attitude and restrictions on its use arc retarding its 
effectiveness. Our United States Public Health Serrico, who must know the 
world-rvido effectiveness and harmlessness of B.C.G. for the last twenty years, 
still wishes us to continue c.'cperimenfal work on a small scale. They recommend 
that it be used first on doctors, nurses, nnd hospital employees, nnd in areas 
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Avhere tuberculosis is most prevaleut. Obviously they consider it harmless and 
effective, for otherwise they could not suggest that their colleagues, nor any 
group, he used as guinea pigs. It is certain that -wntli its use some person in 
contact with tuberculosis will develop the disease before vaccination has time to 
become effective. This event might erroneously lie blamed on B.C.G. and is 
likely to induce timidity in official circles. 

We siiend billions to avert ivai-s and billions to fight them, yet the suffering 
and loss of life from these conflicts are infinitesimal compared to the i-avages of 
this disease for which we do so little. Tuberculosis is not being eradicated any 
place in the world. Let us have the honesty to accept the futility of our present 
methods alone, and the courage to embark immediately on a program of ex¬ 
tensive B.C.G. vaccination, without which, tuberculosis will present the same 
problems a thousand j^ears from now as it does today. 



INTBATIIORACIC NEUROGENIC TUJIORS 
Leip Efskind, JI.D., axd K-iare Lfavaao, JI.D. 

Oslo, Norway 

T ee iiitnitlionifie tiiiiioi's originuliiif; iii iienoiis tissue eunstitiite a coni- 
pnrntivoly well-defined proiip. Their typical site is in the posterior medins- 
linum, and furthermore, they have fairly typical shape. Beeaiise of their site 
they often give ri.se to no .s.vmptonis until they have reached a considerable size, 
and therefore, they are not infrequently found accidentnll}' during a routine 
chest examination. As a re.sult of their slow growth and few clinical simiptoms 
they have often been conaidererl lUircK- Ireiiign, and sinee the mortality for 
srtrgical treatment is alroiit fifteen per cent in the 'itcrature, the principles 
underlying the trcatnient of the.se tunioi’s have been isxrrly defined. In con¬ 
sidering indicatioiLs for operative treatment there m rst be a ecitnin relation 
between the risk of the operative proccrlure involveri and the patient’s prog- 
nosi.s without oirerative treatment. AVe know, furtiicnnore, that in general 
where neurogenic tumors are concerned an operation which is not definitely 
radical can incite the tumor to malignant transformation. 

There lia.s also been a difleivnce of opinion tus to the point of origin of these 
tumors. The thorax contains Iroth corebrospiind and autonomic noiwes. Any 
of these may Ire the primary' site of these tumors. Most of the neurogenie 
tumors originate in the intercostal ncrve.s, and it i.s now a general agreement 
that the nciwo sheath is the primarj' site. However the problem of whether 
they originate in the sheath's ectodermal component, the Schwann cells (Verro- 
cay, Mas.son), or from its mesodermal connective tissue component is not setUed 
(Baile.v, Penfield). Efforts to trace the tumors’ origin to One of these anatomic 
structures have resulted in a confu.sing number of different names. Hero the 
term neurinoma null be used. 

Atiother group of intrathoracic neurogenic tumors whose origin is in the 
autonomic nerve tissue is the so-called ganglioneuroma. Well-developed gan¬ 
glion cells are found in these tumors. There may bo mixed forms, so that some 
parts of the tumor have the api>earance of a clear picture of neurinoma. In 
spite of this there is pathologic anatomic cause to .separate these two groups. 
In our material there is only one .single case of ganglioneuroma (Case 16). 

Kent and associates (1944) collected 105 ca.se3 of intrathoracic neurogenic 
tumors from the literature and found a 37 per cent frequency of malignancy. 
In their own study of 19 cases from the Barnes Hospital they found 41 per cent 
malignanc.v. If they followed a topographic grouping of their cases, namely 
those situated iu the mediastinum and those- tmnors situated anterior iu the 
chest waU, they found that the latter showed a greater percentage of malignanc.v. 
8S.8 per cent, wliilo the true tumoi-s of the mediastinum were malignant in 20.3 
per cent of the cases. 

From the Surreal Un!vor*lt>' CUnfc -V. 
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Blades (1946) found in his study of 29 tumors that only 1 was clinically 
and histologically malignant. We shall return later to these conflicting sta¬ 
tistics. 

The diagnosis of these tumors is made cMefly by x-ray examination. The 
appearance is a clear-cut, shai’ply outlined, nonpulsating tiunor mass with a 
base located against the mediastinum or spinal column. When there is a 
“dumbbell” tmnor, special roentgenograms will show 'uddening of the inter¬ 
vertebral foramina. In the same manner, most often in cases of malignancy, 
defects in the adjacent ribs or vertebra may occasionally be seen. However, 
this may also occur as result of purely mechanical pressure, particularly when 
the tumor is located in the superior sulcus, so it is not a certain s;\’mptom of 
malignancy. Exudative reaction in the pleura, even hemorrhagic, is not a defi¬ 
nite sign of maUgnaney (Hari-ington). Intrathoraeic neurinoma in connection 
with von Recklinghausen neurofi])i‘omatosis is often malignant (Ewing). 

MATERLVL AND METHODS 

At the Universitj' Hospital, Oslo, Surgical Clmic A, in the period from 
1933 to 1947, 21 eases of intrathoraeic neurogenic tmnor have been treated. 

There were 11 women and 10 men varying in age from 21 to 59 years 
(Table I). There are comparatively many in the age group from 20 to 30 
year's, wlrile the reraauider are evenly distributed in the group from 30 to 60 
veer’s. 

In 12 of the patients the disease was aecidentalh' discovered during a 
fcorrtine chest examination. The other 9 went to the doctor for symptoms which 
pd to a special examination of the lungs. These sjmrptoms rvere as follows: 
dyspnea in 2 cases, pairr in the affected side of the chest in 5 cases, palpable 
timror on the anterior cliest wall in 1 ease. In 2 cases in which the tumor was 
located in the superior sulcus a Horner’s sjurdrome and pain in the shoulder 
and arm with paralysis and atrophy rvere present. This Pancoast sjurdrome 
should be borne in mind in aU stirblror’n cases of neuralgia of the shoulder area. 
The neuralgia ofterr precedes the full development of Horner’s sjmdrome. 

The diagnosis of neurinoma or probable neurinoma was made in 17 cases 
on the basis of roentgenograms. In one case a diagnosis of mediastinal trrmor 
was made, but it was impossible to classify the tumor further. One case (Case 
16) diagnosed as tumor of the lung will be discussed later. In one case (Case 
18) there was a coincidental sr-philitic infection, so that the possibility of a 
syphilitic process in the chest was discrrssed. The tumor mass remaiired un- 
chairged after antisA^philitic treatment, and since it had the typical appearance 
of neuriiroma, the patient was operated upon and this diagnosis verified. As is 
seen fr-om the foregoing, the roentgenologic diagrrosis is relatively certain, at 
least in the case in which the tumor has a tj'pieal site (Pigs. 1 to 5). In some 
eases of dermoid cysts of the mediastirrum the differential diagnosis cair be 
difficult (Fig. 6). Most of the tumors were localized in the upper posterior 
mediastinum. In two cases (Cases 2 and 21) the tumor was localized on the 
anterior chest wall. These tumor's were malignant, and one of them recurred 
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after a short time. One tumor (Case 16) was situated near the hilus of the 
lung between the upper and lower lobes, so that the possibility of a primarj' 
neurinoma Yutli origin in the lung itself was discussed, though this is a very 
rare condition (Barlett and Adam). During the operation it was evident that 
the neurinoma had its origin in the recurrent neiwe and the patient showed 
postoperatively signs of paralysis of this nerve. Blades and Dugan have re¬ 
ported a case of neurinoma of vagus origin. One of our patients (Case 19) also 
had a neurinoma of probable vagus origin. The rest had their origin in the 
intercostal nerves. 



Fig. 4. Fig. 5. 

Figs. 4 and 5.—Neurinoma localized In the superior sulcus producing the Pancoast sj-ndrome. 

The treatment was operative in 20 cases. In some cases we attempted a 
paravertebral, extrapleural approach. However, the tumor was so intimately 
attached to the pleura that a lesion of pleura I’esulted in all cases except one. 
This experience led to the use of the usual transpleural doi’solateral thoracotom}" 
incision in all our later cases, as it gives a much more satisfactorj"^ exposure. 

There were 2 postoperative deaths (Cases 4 and 8) : One patient died the 
day after the opei'ation without haring recovered consciousnss. It was con¬ 
sidered as a result of anesthesia. Post-mortem examination revealed degenera¬ 
tive changes in the cerebnmi. Th other patient died four days postoperatively 
with a hyperpyrexia. Chemotherapy had no effect. In post-mortem examina¬ 
tion nothing was found to explain the hjTierpjTexia or the immediate cause 
of death. 

Other complications were two postoperative empyemas which had to be 
drained. One of these developed fiirt a tjTiical clotted hemothorax which was 
secondarily infected. The possibility of perfoiming decortication to produce 
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expniision of the hinp was discussed. Later x-ray examination revealed fnll 
cx))ansion of the lunp. The others all developed a pastopenitivc hemorrhagic 
exudate which wa,s a.spiratc<l. It was oernsionnlly difhcnlt during the operation 
Isiforc the lime of ah.sorhahle hemostatic agents to gel (smiplctc hemostasis in 
the tumor heil. This is ]M»ssihly the reason for the not infreqnent marked post- 
oi)erativo tcnii)cnitnre reaction oh.scn-ed in this material. Follow-up examina¬ 
tions showed, however, tliat the lung had com])letel.v expanded in all cases. 

Thrombosis ocenrreel once. Pamly.sis of the recurrent tienc once. As 
mentioned hefore this may have been due to origination of the tnmor in the re¬ 
current ncr\'c. One patient died a few niontlis after the oi)erntion, as result of 
rccurrcnee of the tumor. One patient dcvclol)cd recurrence in the course of a 
few months. His tumor was loealcd in the anterior chest wall, microscopic 
examination revealed malignant nenrinonm both in the primary and tho re¬ 
current tumor. None of the remainder of the patients showed any sign of re- 
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ouTonee at follow-up examination. It is evident from this examination that 
the postoiwrativo prognosis is good in aU cases in whicli tho primarj’ lesion was 
a benign neurinoma. Even the cases (Cases 1, 3, and IG) in which the histo¬ 
logic examination showed some signs of at.vpical growtli, remained sjTnptom 
free. Therefore this study docs not support the view held by some that these 
patients should not bo operated upon because of the danger of recurrence. 
The same conclusion may be drawn from Jlakka’s study. 

In this material there were 2 postoperative deaths. One death (Case 4) 
occurred in a patient mth a malignant Pancoast tumor; in tins case there were 
obmous indications for operation. The other death (Case 8) occurred in a pa- 
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more both cases in this stud.y (Cases 4 and 13) with localization in the superior 
sulcus were malignant. These tumors also are in a special group, because they 
give early pressure sjmiptoms and present considerable difficulty for radical 
extirpation. The size of the tumors in this material did not give any definite 
prognostic data though none of the small tumors were malignant. As a whole 
it appears that tliere are no definite clinical criteria for possible malignancy. 
Puncture biopsy is not decisive, except in those eases in which it gives a definite 
answer of malignancy. An added factor is that the malignant tumors have a 
poor prognosis, no matter what the treatment, so the advantageous period for 
surgical treatment is gone. 

As to the second problem it is difficult to .judge the benign tumors’ tend¬ 
ency to undergo malignant transformation because there is no unoperated 
material that has been observed over a sufficiently long period. Therefore we 
have only the frequence of malignancy as an index, and it varies markedly in 
the different material reported, as mentioned earlier. Thus in Kent’s oum 
study and in his collected study, the frequency is high, 41 and 37 per cent, 
while in Blades’ study and this study, where a larger number of the patients 
had tumors accidentally discovered, the frequency is lower. If the tumors in 
this study are divided into two groups, those which produced sjunptoms and 
those discovered accidentally, the frequency of malignancy is 4 of 9 and 0 of 
11, in that order. Even tliough it is presumed that many patients can live long 
noth intrathoraeic neurinoma, these figures should indicate tliat the tumors 
have so marked a tendency to malignant transfonnation that the only effective 
method of treatment, radical surgical extirpation, is indicated. Although the 
operative mortality is high in the cases operated on some time ago, it may be 
expected that it Avill be greatly reduced by the recent progi-ess in chest surgeiy. 
Another factor which will reduce the operative mortality is that by early opera¬ 
tion the percentage of benign tumors is greater and therefore the operative 
risk less. 

SUMMARY 

1. This is a revicAV of 21 intrathoraeic neurogenic tumors, 20 of Avhich 
Avere treated surgically, 12 Avere discovered accidentally, 9 presented clinical 
.symptoms. Those diseoA^ered accidentally Avere all benign. Four of those 
AA'hich presented symptoms Avere malignant, 2 of them Avere localized in the 
superior sulcus, and 2 in the lateral chest wall. 

2. The difference in frequency of malignancy in the asA,Tnptomatic and the 
s.ATnptom-producing groups, together Avith the histologic findings of a semi- 
malignant group, is evidence that malignant transformation is not infrequent. 
The fact that none of the small tumors Avere malignant supports this AdcAV. 

3. It is only possible to ascertain the number of tumors Avhich Avill later 
undergo malignant transformation by observation over a period of years. 
Where the poor results of treatment of the malignant tumors are compared AAuth 
the good results of treatment of the benign, the advisability of such an experi¬ 
ment is doubtful. 

4. Every diagnosed intrathoraeic neurogenic tumor must be considered 
potentially malignant and should be treated surgically. 
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TRANSTHORACIC APPROACH FOR COMPLETE REMOVAL OF 
THE POSTERIOR MEDIASTINAL AND INTRAVERTEBRAL 
PERINEURAL FIBROBLASTOMA 

Robert A. Groff, M.D., Herbert R. HA^VTHOR^*E, M.D., and 
Henrv a. Shenkin, ]\I.D. 

Philadelphia, Pa. 

T umors arising from nerve sheaths and groinng both in the intravertebral 
canal and posterior mediastinum are generally de.seribed as dumbbell or 
hourglass tumoi's. Usually these tumors have been removed bj^ separate surgical 
attacks upon their component parts. Those small tumors which have extended 
from the intravertebral canal into the paiavertebral region have not infre¬ 
quently been removed through the usual laminectomy incision and resection of 
the transverse processes of the vertebrae and the articular ends of one or more 
ribs (Heuer,^ Naffziger,- Alessandri/ Craig-'). The massive posterior medi¬ 
astinal extensions from the intravertebral canal would pose a dangerous and 
generally impossible technical problem for a one-stage removal through the 
usual laminectomy approach. For these latter tumoi's, a two-stage procedure 
was de-vised. Hariington and Craig'' reported a successful removal of a dumb¬ 
bell tumor wliich grew primarily in the mediastinum combining bilateral 
laminectomj^ and thoi-acotomy through separate incisions. With the experi¬ 
ence we gained from the following patient, it is our purpose to describe a some¬ 
what different approach for the one-stage removal of these large hourglass 
tumors because we believe the procedure greatly simplifies the technical prob¬ 
lem. 


case report 

Hisioricat Data. —E. B. (Case 172994), a wliite girl, aged 17 years, was admitted to 
the Graduate Hospital on May 6, 1947, complaining of weakness and numbness of the legs 
and inability to void. Slie was perfectly well up to tliree years before admission to the hos¬ 
pital when she developed pain in the right shoulder and scapular area. This pain radiated 
into the right arm. It was both burning and knifelike in character and continued almost 
constantly for a period of two years when it lessened considerably. One year before ad¬ 
mission the patient noticed weakness of the legs wliich slowly progressed so that she had 
great difficulty in walking. About tliree weeks before admission to the hospital, numbness 
and tingling developed in both legs, right more than the left, and at approximately the 
same time she noticed difficulty in initiating urination. Irtien admitted to the hospital she 
required regular catheterization. 

The past and family history were irrelevant. 

Physical and Neurological Examination .—The patient was a well-developed, tliin woman 
slightly above average height. A detailed physical examination was essentially normal, ex¬ 
cept for a palpable bladder. The blood urea nitrogen, blood sugar, complete blood count, and 
urinalysis, except for a few pus cells, were within the normal range. 

Neurological examination revealed the cranial nerves and upper extremities to be 
normal. The lower extremities were definitely weak in all muscle groups and they were 

From the Graduate Hospital, The Graduate School of Medicine of the University of 
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markedly wpa^tlc. Knee and ankle reflexes* were increnml and there wiw a bllntcrnl un- 
ffuatnincsl ankle clouus with a bilateral Itnbinaki reflex. AlKlonilnnl reflexes were absent. 
SooRitliins of pain and Icnipeniture were reduced in patebes over the lower extremities and 
abdomen, sufj>:i't«tinp a lord nt about the eighth thoracic vertebra. Position, (ouch, and vi¬ 
bratory t-ense were normal throughout the trunk and lower extremities, 

Sprrinl StutiicJt .—Lumlwtr ])uncturo wtui not done l)CcnuHe of studies described below. 

X-niy filnm of spine dischiwxl a pliarply demarcated defect involnnp the lower portion 
of the IkhIv of the sivond and upper portion of the body of the third thoraric vertebrno on 
the riplit (b'lp. 1). This bone defect was edged by a lino of increased density. jVssociated 
with this defevt was a soft tissue mass, mensnrinf; 5 nn. in diameter, extending Into the pos¬ 
terior metllnstinuni (Pig. 2). The rerrical spine showotl no abnormalities. The superior 
aad inferior plules of the bodies of the upper lumbar vertebrno wero irregular and the first 
lumbar vertebra npf>cared to Ixi w«nlge<l. This was Interproled os possibly the result of on 
old, mild osteoehronditis. 



Fie. 1. 2. 

Fie. 1. —RcKintecnopram of chest and up|>cr thoracic sidno sliowing tumor eroding bodies 
of second and thini thoracic vertebrae. 

Pig. 2 .—Lateral roentgenogram of cheat showing extension of tumor into posterior 
mediastinum. 

As a result of x-ray studies, n diagnosis of a tumor of the posterior mediastinum coming 
from the Intorvortcbnil canal trns nmde. Because of the three year histon,-, a benign, peri¬ 
neural fibroblastoma was suspected. It was felt that the best opportunity for a complete 
removal in n one-stage procedure was offcrwl by the combined efforts of the thoracic snd 
nenrological surgeons. 

Operflfton.—On May 14, 1047, with the patient lying In a fall lateral position upon 
the left side, and under endotracheal ether-oxygen anesthesia, nn incision was made beginning 
3 cm, below the upper border of the riglit trapeilus muscle, midway between the spine and 
posterior Imrder of the right scapula, extending do^vnward and curved outward to the aus¬ 
cultatory triangle. The scapula mis retracted anteriorly and 10 cm. of tlio posterior por¬ 
tions of the thlnl, fourth, and fifth ribs were removed subperiostenlly down to the tranarerso 
processes of the vertebral body. The right pleural carity was entered, and in the posterior 
mediastinum to tho right of the spinal column, a large, very firm tumor coreretl with parietal 
pleura was exposed. The tumor extended over tlie midline on the anterior border of the 
body of the third dorsal vertebra. The posterior portion of the tumor was fixed to the verte- 
hral border by dense fibrous tissue. The tumor was freed from the vertebral bodies and re- 
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tracted to the right, thus revealing the extension tlirough the intervertebral canal. The tumor 
was about 10 cm. in length and the intrathoracic portion about 5 cm. in diameter. At this 
point, the neurosurgeon entered the operative team. 

The paravertebral muscles were retracted medially, exposing the right laminae of the 
second, third, and fourth thoracic vertebrae. The tumor from the chest was then mobilized 
completely and also from the portion of the vertebral bodies to which the tumor was attached. 
It was clear that the intervertebral foramina between the second and third thoracic vertebrae 
was markedly enlarged at the point from which the extension of the tumor had occurred. 
However, the tumor mass involved the roots of the fourth thoracic as well as the 
second and tliird. All three roots had to be sectioned in order completely to mobilize the 
tumor. The right laminae of the second and third thoracic vertebrae were then removed, 
exposing the intravertebral portion of the tumor which was anterolateral wth regard to the 
dura and spinal cord. The spinal canal portion of the tumor was mobilized without difficulty, 
and the entire tumor removed. Hemostasis was secured readily. The chest muscles were 
then repaired in layers by interrupted cotton sutures and a tight closure secured. Neither 
the pleural cavity or wound were drained. 

Postoperative Course .—The patient’s postoperative condition was at all times satis¬ 
factory. On one occasion, four daj’s postoperatively, 500 c.c. of bloody fluid was removed 
from the right pleural cavity, but no other thoracentesis was necessary. After consultation 
ndth an orthopedic surgeon,* the patient was fitted uith a high spinal brace and discharged 
on the sixteenth postoperative day. The surgeon was of tlie opinion that the erosion of the 
second and third thoracic vertebral bodies, together with the hemilaminectomy performed 
at operation, had so weakened the vertebral column that spinal fusion was indicated. CoU' 
seqnently, the patient returned to the hospital on July 3, 19-17, two months after removal 
of the tumor. A spinal fusion of tlie first to fourth thoracic vertebrae was performed on 
July 14, 1947, without difficulty, and the patient was discharged wearing her brace on Aug. 
6, 1947. At the time of her final discharge from the hospital, she was asymptomatic neuro- 
logically. When last seen on ilay 25, 1948, she was symptom-free, neurologicaUy negative, 
and the thoracic spine was quite stable. 

Pathology .—The gross description of the pathologic specimen was as follows: The 
specimen consisted of one large and several small, connected nodules. The entire length of 
the specimen was 11 cm. The large nodule was 5^2 cm. in diameter. The cut surface showed 
alternating areas of whitish and yellou-ish tissue. The tissue was firm, elastic but not hard. 
There were several areas of hemorrhage throughout the specimen.. Microscopically the tissue 
was composed of streams of nuclei with occasional tendency to palisade formation. The 
cells appeared to be generally bipolar with long, slender processes lying parallel with each 
other. Between these bands of tissue there were reticulated areas containing polygonal 
edematous-appearing cells. These latter areas, however, formed only a small portion of the 
neoplastic tissue. The tumor was rather vascular and many good-sized vessels were seen 
throughout. No nerve fibers or any fibers resembling nervous tissue were seen. The micro¬ 
scopic diagnosis was perineural fibroblastoma. 

COMMENT 

The diagnosis in this patient was made by x-ray films which demonstrated 
a marked defect of the bodies of the second and tliird thoracic vertebrae. This 
finding caused special views to be taken which demonstrated very clearly an 
intrathoracic tumor. In tlie diagnosis of these tumors, the most important 
single examination is x-ray of the spinal column and special views to living out 
the soft tissue mass in the chest. The significance of this fact was brought to 
our attention recently. This patient (Case 183736) was diagnosed as having a 
primary spinal cord tumor and roentgenograms of tlie spinal column were not 
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examined critienlly by tlie surgeon. A laminectomy was performed and tiio 
tumor, a perincuntl fibroblnstoma, tva.s e.xposcd and found to c.xtend into the 
mediastinum. Laminngrnpli.s were made after this ojicmtion and the largo 
mediastinal mn.ss uas demonstrated. It was neecs-sary to do a tliomeotomy to 
remove the extension. Had siiceial x-ray dims been made prior to the opera¬ 
tion of lamineetomy, the two-stage proeeelnro would have boon avoided. 

The great size of the intratboraeie growth in the patient being reported 
made it apparent that the tumor could not be removed eomplctcly by tho ustial 
laminectomy operation. Esiciiliiilly, the planned approach in our patient con¬ 
sisted of a wide c.\posuro of the ine<lin.stinnl ma.ss b.v I’cmoval of the overl.ving 
ribs, in this in.stance three, permitting an excellent cxjwsurc of the thoracic 
portion of the tumor which was readily mobilized. It was then quite ensj’ hy 
retraction of the paravertchral mii.si-lea medially and posteriorly to do a hemi¬ 
laminectomy and remove the intraspinal portion of tho tumor. Bleeding from 
the epidural veins was more readily controlled than in a lamincctom.v approach. 
The nerve roots to which the tumor was attached could be seen clearly by 
manipulation of the tumor and comscqucntly easily sectioned. 

Further advantages of this approach are: (1) It provided for the complete 
removal of the tumor under direct vision through one incision. Tho trans¬ 
pleural approach allows a complete cxpo.surc of the larger portion of tho tumor. 
The freeing of the tumor up to the vcrtcbnil foramen may then l)c accomplished 
without diftlcult.v. Jlohilizatioti of this portion of the tumor can bo done with 
least danger to the largo vessels of the thorax. (2) It enabled the neurosurgeon 
to remove the.minimum amount of vcriebml Imno to expose tho lesion. (3) Tho 
intravortcbral c.xtension8 of the.so tumors arc generally anterolateral with re¬ 
gard to the dura and spinal cord. This approach provides more ndcqunfe ex¬ 
posure of this area than docs the classical laminectomy. (4) .Since all portions 
of the tumor aro direct l.v visualized, complete removal can be assured. 

SU-MltARV 

A technique for the onc-stage removal of tho so-called hourglass or dumb¬ 
bell tumor involving the posterior metliastinum and intravertebral canal is 
described. It con.sists of thomeotom.v for mobilization of tho intrathoracic 
portion of the tumor comhined with hemilaminectomy accomplished through 
tho same incision and b.v medial retmetion of tho paravertebral muscles. The 
intravortcbral extension and the narrow isthmus of tumor in the intervertebral 
canal arc thus exposed together with the mediastinal portion, permitting the 
removal of the tumor in its entirety. 
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CHOLESTEROL PERICARDITIS 

Alexander E. W. Ada, M.D., Oswald R. Jones, M.D., and 
Archibald D. Sheeran, M.D., New York, N. Y. 

C HOLESTEROL pericarditis is an exceedingly rare disease. Only one case 
(Merrill, 1938^ has lieen reported in the English literature. It was first 
described in the German literature, but only a few cases have been reported in 
that countiy." In a Swiss journal in 1941, a ease of chronic hemorrhagic peri¬ 
carditis was described^ in wliich tlie gi'anulomatous epicardium contaiued 
numerous collections of cholesterol crystals surrounded by giant cells. Because 
such cUnical entities are rare, we are presenting the following case report. 


A 27-year-old opera singer was referred to St. Luke’s Hospital on Nov. 13, 1941, com¬ 
plaining of increasing dyspnea and fatigability for two months. Until the onset of these 
symptoms she had been in excellent health. On admission dj-spnea, which had an insidious 
onset, had progressed to the point where she became out of breath on climbing one flight of 
stairs. Loss of stamina and weakness on admission were of such degree that the sUghtest 
exertion produced profound distress. In the month preceding admission she had had several 
attacks of “palpitations” and had also noticed a sense of heaviness in the left upper chest 
which was associated with a sharp sticking pain in the region of the left nipple. 

Other than the usual uncomplicated childhood diseases the patient had had no significant 
illnesses in the past. 

On physical examination the rectal temperature was 99.2° F., the pulse 86 per minute, 
and the respiratory rate 18 per minute. The blood pressure was 110/70. The thjToid gland 
was found to be slightly and diffusely enlarged. The area of cardiac dullness was extensive, 
extending from 2.5 cm. to the right of the sternum to left posterior axillary line. There was 
a regular sinus rhythm and the heart sounds were described as distant but of good quality. 
No murmurs were heard. The liver, fimx and nontender, was palpable 3 cm. below the costal 
margin. The remainder of the physical examination was essentially negative. 

Initial laboratory data were as follows: 


Urinalysis 
Hemoglobin 
Red blood cells 
Wliite blood cells 


Kline 

Urea nitrogen 
Blood sugar 
Total cholesterol 
Serum proteins 
Albumin 
Globulin 

Sedimentation rate 
Basal metabolism 


negative 
85 per cent 
4.6 milb'on 

11,450, with 64 per cent polymorphonuclear neutropliiles, 
27 per cent lymphocytes, 5 per cent monocytes, and 
2 per cent eosinophiles 
negative 

10.0 mg. per cent 
118 mg. per cent 
167 mg. per cent 
6.45 Gm. 

4.35 Gm. 

2.10 Gm. 

9 mm. per hour 
plus 7 per cent 


During the course of first two weeks of tliis patient’s stay in the hospital, various tests 
were performed to corroborate the clinical impression of pericardial effusion. The initial 
x-ray examination of the chest with oblique (Fig. 1) views revealed that the cardiac shadow 
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\nia pimtly cnlnrgtMl an(l i;Iobulnr In exl6in11n;j well poBtcriorly. The bnrlum-fiUci] 

Oi»ojiImpu8 TVTiB iH8plflr<Hl ]K)8lorlorly unti to tin* riplif. I>nnilnngrnphic studioB Bhowod n 
liomopcnoouB «lpn8ity thmuRlioJit, nmkinjr it ini|H))*8lblo to dlptlngiilih cnrdinc slmdon’ from 
fluid. Tl>o initial venons jiroiwurc \rn8 not ronwrlcnblo (112 mni. of unlinc solution), bot the 
rimilntion tlnn^ riiowofl nuidoinlo olovnflonfl—nrni to tongue, u^ing cnlrimn gluronnte, TVim 
twenty «H*on(l8; nrm to lung, UBlng other, wnn thirteen «*eon(l8. The vital onpncity wob 
reduced (2,000 c,c.). On Nov. 27, Ifl-ll, a pericnrdiiil nsplmflon ;ni(‘ i>epfonne<l at the loft 
eoBtoxiphoid nnglc nnd J-40 c.r. of \'i8cld golden-yellow fluid wjib reniove<l. Tliis fluid vmn 
renmrknble In ihnf It Boente<l to hold In 8U8|>enHlon nn ojmleBcent yellow nmterinl. Five dnye 



Inter tlio oapimtion \raH rcpentetl and 2,200 c^c. were withdmwru The fluid waa found to 
Imvo a specific gravity of 1.020, Chemical examination revealed the following detenninn- 
tions: total protein, 6.05 Qm,; albumin, 2.1 Om.j globulin, 3.65 Gm.; nonprotcln nitrogen, 
20 rag. por cent; total cbolostorol, 120 mg. per cent A direct smear of the material was 
described as loaded with cholesterol crj-stols, with occasional phagocytic colls filled with fat 
globules. Culture yielded no pathogens and guinea pig fnoculntion was negative. Post- 
aspiration cardiograms sliowed that the T waves in I^eads I and H’’ had become inverted, bot 
tiiat the P waves in all leads had increased In amplUnda 

During the second aspiration some air was injected Into the pericardial sac and fluoros¬ 
copy was performed. At this point It was felt that the diagnosis of pericardial effusion 
^ras not Altogether conclusive, but rather that the patient hful a large mediastinal cyst 
anterior to the pericardium and extending into both thoracic cavities. Because of this dlagno- 
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FIs’. 2.—Anteroposterior roentgenogram of the chest. Marked enlargement of cardiac shadow. 
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^Ih mirpii’nl intrrvontlon wnp tIciMnt'tl On 1>ee« -3, lliU, n thomfotoiny ntis per- 

fonncnl under rndotmrlienl nnef*tlio^in. A cur\*<Hl inei>*ion wtm nmdo on tlio loft nnterlor 
rliept wull ttn<l tlio fourlh, fifth, nn<l ^ixth left rlDf, tojjellicr with the rontul cartilnpo, wore 
rcmrrve<l Puhperioi>tenlly from the jitemum to tho midelavieiilnr line. Tlio pcrlcnnlinl wic 
which wnj< nmrke.lly enlnrpe<l and jtUj'htly thickonotl conlninc<I fluid which nt thia time wna 
i*oroannguinooiiK, Tlio pnrii'fnl jH.*rirnrtlhini wm* inelawl anteriorly nnd a hiopin' wns obtBiiio<l. 
Tho fluid wiu» fiaplmtetl; it wns nnlcnl timt tlioro were aevrml rliolcatcrol plnquca on both 
the viscoml and pnriotnl iwrirnrdluiu. On eomploto explomtion no modltu'tinnl cyst was 
found. Thu other atructurea of the Ihomx n])])eHred nnrmul. Kceovery from the opemlion 
wna uneventful. 

Tho jtiitliologic n'i>ort of the auction of the iK*ricnrdlum wim os follows. Some of the 
denae hjiUine Inyera of tho jH'rlmrdinl mic wore recognized, while tho lining consisted of 
gronulatiun tissue with sninll numl>ers of lnflnmmator 3 * cells throughout. Tlie mrsothclium 
wns Tory jMxirly presonred. In other areas, the fibrous layer wiui mostU* rc]>hiccd by mosses 
of cholcsterin nnd bv large numl>eri» of foreign Ixuly giant cells and some regonomting fat 
cells. There utis onl\* slight infiltration with pol^Tnorphonuclenrs nnd IvTnphocytcs. The 
pathogenesis wns not clear but It wm* imssiblc that it wns the result of n pyogenic infection. 
Tlie pathologic dlngnoslH was chronic iK'ricardltls. 

Bloody fluid wns nspimt<Hl from the {»eiicurdial sue on two occasions follo\ving opom- 
tion. Postopemtive roentgenograms of the chost continucil to show tho presence of fluid in 
the pericnrdlal spare despite nsplmtlons during nnd subsequent to thoracotomy. Electro- 
cardlogmphlcnll.v no significant dmngc wns brought about b\’ tho operative procedure. 

Througliout her |wi*topemtlre jicrioil the jrtitlcnt wns relatively' asymptomatic. ’At no 
time wns tliore any evidence of dyspnea or peripheral eilemn. Mobilization was begun on the 
wvontecntti postopemtive day nnd she vens diseharged on tho thirty-first pc«(oporative day. 

On Fob. 8, ]040, npproximutely four years later, tho imtimt was again seen at the 
hospital. At this time sho wns feeling well and wns leading an active Ufo. A chest film 
token at this time still slioweil tlio heart slmdow to be markedly enlarged, relatively an- 
changed in sixo since the examination of .Tnnunry, 3fi-l2. Tlie roentgenologist stated that 
from this appearance one could not rule out the presenco of fluid in the pericardium. The 
venous pressure wns lfi7 mnu of saline. Other than a negative T^ the electrocardiogram 
revealed no significant abnormalities. 

A later follow-up roentgenogram taken Feb. 18, lfi48, stlU showed a somewlint enlarged 
heart, hut no signs of |K*ricardiul erfuslon (Fig. 3). 

DiacuasioN 

Mernll's ease of cholesterol pericarditis hod several features in common 
with the one tvhicli tve arc reporting. Both were women. Both had an effusion 
fluid containing cholesterol crystals. Merrill’s patient liad a basal metabolic rate 
of plus 19 per cent, while our patient had a basal metabolic rate of plus 7 per 
cent These vahic.s arc important in differentiating tliis condition from the so- 
called '‘mjTccdema heart.” Culture of the pericardial fluid was believed con¬ 
taminated in Merrill’s case, negative in ours. Guinea pig inoculation was 
negative in both. Tii both the electrocardiogram showed low voltage in all leads. 

Significant differences exist, however. Despite the moderately elevated basal 
metabolic rate, phy.sical examination of Morrill’s patient revealed several find¬ 
ings suggestive of hypothymidism: dr^', rough, pale skin; low, husky voice; 
coarse featuitis; tliinning of the lateral portion of her eyebows. Our patient, 
a large robust opera .singer, did not cxliibit these features. The blood cholesterol 
was moderately elevated in ^Merrill’s case (278 mg. per cent), normal in ours 
(167 mg, per cent). A liypertension of 250/115 existed in Merriirs case, falling 



A CLINICAL AND RADIOLOGIC STUDY OF METASTATIC 
PUL]\IONARY NEOPLASMS 

George R. ]\Iinor, ]\I.D. 

Charlottes\gl,le, Va. 

T he presence in lung of metastases from a primary neoplasm does not always 
indicate Avidespread dissemination or justify a resigned and pessimistic atti¬ 
tude. In recent years the resection of pulmonarj’- tissue containing metastases 
has produced very satisfactory results in certain eases. The present study was 
undertaken to clarif}'^ to some degree the behavior of various types of malignant 
tumoi’s which metastasize to lung. It is possible that an inquisitive and aggres¬ 
sive attitude toward the clinical progress of malignant disease will enable physi¬ 
cians to select a larger number of patients in whom the surgical removal of pul- 
monarj’’ metastases should be attempted. 

The clinical records and chest films of all patients at the University of Michi¬ 
gan Hospital who vi'eve reported to show secondary neoplasm of the lungs Avere 
rcAdewed for the five-year period July 1,1937, to Jime 30, 1942. IVlien the clini¬ 
cal data Avere examined, only those eases were retained in Avhich the identity of 
the primary tumor Avas establislied by histopathologic examination, except in the 
case of seA’'eral renal tumors Avhieh were not approached surgically or at post¬ 
mortem. In these feAV instances characteristic pyelographic deformities were ac¬ 
cepted as diagnostic. As a background for the 314 cases Avhich Avere acceptable 
for stud 3 % the total number (5,727) of similar primary neoplasms was deter¬ 
mined for the same period. This number (Table I, Column 1) and the number 
in which pulmonarj' metastases were discovered roentgenographically (Column 
2) are presented for comparison in the table. Some of the first category did not 
have roentgenograms of the chest made or did not return for a second Ausit; 
others doubtless developed pulmonarj’^ metastases after their last examination at 
this hospital, or after June 30, 1942. It should be emphasized because of these 
factors that no definite conclusions as to the incidence of pulmonary metastases 
can be draAvn from the apposition of such figures. As a matter of fact, due to 
the care in selection of cases for the study, the actual number of metastases is 
probably higher than Column 2 would indicate. Nevertheless, a comparison of 
these figures aids in correcting erroneous impressions of incidence gained from 
the review of large numbers of metastatic lesions only. 

Metastatic involvement of the pleiAra, as evidenced by the roentgenographie 
appearance of fluid, was present in 60 patients and mediastinal adenopathy in 
53. Of the 77 carcinomas primaiy in breast, 26, or 33.7 per, cent, metastasized to 
pleura as well as lung and 18 or 23.3 per cent exliibited mediastinal involvement. 

From the Department of Surgerj'. University Hospital. Ann Arbor, Mich. 

Submitted from the Department of Roentgenology, Unlversltj- of Michigan Hospital to 
the Horace H. Rackham School of Graduate Studies of the University of Michigan in partial 
fulfillment of the requirements for the degree of Master of Science In Surgerj-, 
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Table I. CojfrAisiso.v op the Inctdrntk of Pulmonary itETASTASEs Wmi the Incidence 
OP IT.imarv Mauonant Tumorh of the Same Types 


Carcinonm, brenst 
Cnrclnomo, colon 
Hypornopliroma 
WUtns’ji tumor 
Cnrclnomn, kidney 
Cnrcinomn, cervix uteri 
Temtomn, testiw 
Cfircinonm, testis (>*cmlnonm) 

Cnrclnomn, tCi^tl^, cmbrj’onni 
ClioriocpUhellotnn, 

Carcinomn, bronchus 
Carcinonm, tlijTold 
Cnrcinom^ fkln, fnco 

Upper extremity 
Iy)\Tor extremity 
Cnrclnomn, Iniynx 
Cnrclnomn, fiuuliis uteri 
Cnrclnomn, bladder 
Cnrclnomn, month 
Cnrcinonui, utotiioeli 
Cnrtinorrm, prostate 
Cboriocpitliolioran, uteri 
Carcinomn, o\'nrj' 

Cnrclnomn, tongue 
Carcinomn, imncrciis 
Carcinoma, ilp 
Carcinoma, orbit 
Cnreinoma, ndrennl 

Carcinomn, plinrrnx and nnMjilmrjmx 
Carcinoma, bruncldnl cleft 
Carcinomn, parotid 
Cnrclnomn, submnxlllnrj' clund 
Hj'mpntlioblnatomn, ndrennl 
iinll^rnnnt dipense, unspecified 
Testicle 
Pelvis 
Uterus 
Adrenal 
Kidney 

ilclnnoblnstomn, skin 

Motnsfnsis l^mipli nodes 
Jlctastasls peneralixed 
Melanoblnstomn, eye 
Endotholioran (Ewing’s), Imnes 
Sarcomn, abdomen 

Barcomn, upper extremity, soft parts 

Sarcoma, lower oitrcmitj', soft jmrts 

Osteogenic sarcoma, Imnes, lower extremity 

Osteogenic sarcoma, bones, upper extremity 

Sarcoma, bead, soft parts 

Sarcoma (osteogenic), bones, head 

Sarcoma, brenst 

Sarcoma, liver 

Sarcoma, thorax 

Sarcoma, Milva 

Sarcoma, cervix uteri 

Sarcoma, fundus uteri 

Sarcoma, testis _ 

Total 


(COLUMN 2) 
numbeh WHICH 
ilETASTASIZEI) 
TO LUNG 

Tt 

23 
20 
5 


(COLUMN 1) 
TOTAL NUMBER 
MAUONANT 
NEOPLABMS 


007 

342 

50 

11 

17 



S 

4 


310 
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107 
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130 
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373 
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40 
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40 

1 

12 

1 

11 

1 

1 

8 

30 

3 

3 

20 

10 

7 

14 

34 


4 

3 


1 


4 

5,727 


3 

13 

14 
1 
1 
3 

15 
10 

1 

3 
1 
0 
0 
5 
5 
5 

5 ^ 

4 

3 

o 

I 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

1 

I 

o 

n 

o 
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1 

1 

0 

II 
8 

4 

n 


1 

1 

1 

1 

1 

1 

314 
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These figures are significantly higher than the total number of pleural effusions 
or mediastinal lesions produced by any other primary' malignant lesion in this 
series. 

Of 294 patients about whom information was available on the presence or 
absence of s^'mptoms, 117 had none which could be ascribed to pulmonarj^ mctas- 
tases. The distribution of manifestations among the remaining 172 is sho^vn in 
Table II. 

Table II. Distribution of Manifestations of Pulmonary Metastases in 372 Patients 


Cough 

129 

Dyspnea 

75 

Sputum 

70 

Pleuritic pain 

51 

Hemoptysis or bloody sputum 

46 

Loss of weight 

15 

Fever 

15 

"W eakness 

14 

Fatigue 

1?, 

Anorexia 

10 

Wlieezing 

6 

Night sweats 

4 

Expectoration of tissue 

4 

Cyanosis 

3 

Osteoarthropathy 

1 


It is sui'prising how variable the symptoms associated with pulmonary me¬ 
tastasis may be. Miliary or Ij'mphangitic carcinosis is often characterized by a 
hacking, ineffectual cough and by rapidly progi’essive dyspnea and cyanosis. 
However, nodular lesions may be numerous and large without producing respira- 
torj--sj’mptoms. Some nodular lesions do produce local symptoms, perhaps by 
rapid groAvth and pressure upon or even eimption into a neighboring bronchus. 
An irritative cough is the commonest sjTnptom. Tlie cough is often nonproduc¬ 
tive or at most raises scanty, mucoid sputum, occasionally streaked with blood. 
The sputum may become purulent if infection arises distal to a bronchial obstruc¬ 
tion, or if the necrotic central jiortion of a nodule is CA'aeuated through a bron¬ 
chus. In the latter case the resulting cavity is likely to have a very thick wall, so 
that it looks not unlike a doughnut in the film (see Pig. 1). In at least four pa¬ 
tients of this series who had nodular pidmonary metastases there was eAudence 
of caritation. In one of these patients six nodules which had cavitated were dis¬ 
tributed in both lungs. On rare occasions the pathologist may be able to deter¬ 
mine the type of neoplasm from bronchial biopsy or from pieces of malignant 
tissue which the patient has expectorated. It should he possible to identify 
malignant cells in a much higher proportion of cases liy the use of the Papani¬ 
colaou technique. 

An attempt was made to clas.sify pulmonary metastases by their radio- 
graphic appearance into five grou])s; nodular (.see Figs. 2 and 3), which in¬ 
cludes the majority, amorphous or infiltrative (.see Pig. 4); lymphangitic (sec 
Pig. a); miliary (see Figs. 6 and 7); and massive consolidation. A clear-cut de¬ 
cision cannot always be made, especially between finely nodular and miliary 
lesions, or betv'een the miliary and the lymphangitic type. IMany lesions could 
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kir. l fir. 

FIr. 1.—R. ^Y. (No. B2C072). (7‘>'e<ir-old nmn. MulUplo ncxluW bllnlonally. Tlio nionl 
Inferior ono In tho Inteml portion of t>»o loft lower lobe ha»* gnderRono cnvliatlon. 
niedullnrj* enrclnonifi of bln<l(l*jr. DlnffPooLi prinmr>': Mny 22. 10^5. DiajnosU pulinoaan' 
nK‘iattnin:i»: rocntRonoRrntJi Hci't 15, 19(J, made bocnupc of i)leurlllc pain. Donth: OcL So, 
1943, 

FIff. 2.—E. 21. (No. 440008), 31»>cnr-old man. Nodular nietantnxefl bllaterallr. Primary: 
onjbryonal cnrclnonia loft teatla. Dlofmoala primary: Jnn. 9. 1929. Dlapnoala pulmonao' 
mctawta«*oj<; routino rtn'ntpenocrnnj .March 20, 1939. No pulnionarj’ a>'niplonia. l>cath: .May 
24, 1*89. 



FIff. 3. FIff. 4. 


Fig, 3.—O. M. (No. 378180), 62-yenr-old man. Slnplo metastatic nodulo In left lower lobe. 
Primary: adonocatrlnoma of alfinmld colon. DIasnoala prlnmrj’: June 6. 1940. Dlaciiosis pul- 
monarj' metastasis: routine roentyonogram Sept. 12, 1041. No ajiuptoms. Death: Oct. 18. 
1941. 

Flc. 4.—F. C. (No. 448418), 74->’car-ol(I man, Anwrphous or Infiltrative pulmonarj* 
metaatases. Primary: carcinoma of the larynx. Diagnosis primary: May 17. 1919. Dlarr- 
nosbi pulmonari’ metastascs: first positive roentirenoRram May 17, 1919. No pulmonary sj-mp- 
toms. Death: May 29, 1089. 



38 


THE JOXIRXAt. OP THORACIC SURGERY 



Fig. 5. Fig. 6. 

Fig. 5.—J. K. (Xo. 487714). 59-rcur-old man. Lyniphangitic pulmonarj' carcinosis. 
Primarj-: carcinoma of tonsii. Diagnosis primary: August. 1940. Diagnosis pulmonao' metas- 
tases: roentgenogram Aug. 21, 1941. No pulmonary symptoms. Death; Sept. 2, 1941. 

Pig. 6.—C. E. (No. 490721), 69-year-old man. Millaiy metastases, paralysis of right 
hemidlaphragm. Primary; bronchiogonic carcinoma, right. Diagnosis primarj': Oct, 3, 1941. 
Diagnosis pulmonarj' metastases: roentgenogram Sept. 4. 1941. .Symptoms largely those of 
the primarj'. Death: Nov. 22. 1941. 



Fig. 7. Fig. 8. 

Fig. 7 .—F. (No. 487283), 60-j'ear-old man. Miliary metastases. Primary: adenocar¬ 
cinoma of bladder and prostate. Diagnosis primary: Aug. 19, 1941. Diagnosis pulmonary 
metastases; roentgenogram Aug. 30, 1941. No symptoms. Death; Sept 30, 1943. 

Pig. 8.—C. C. (No. 505923), 60-j'ear-old man. Alultiple nodules with amorphous and 
reticular infiltrates bilaterally. Primary: osteogenic sarcoma right femur superimposed on 
Paget’s disease of bone. Diagnosis primarj': June 12, 1942. First evidence of pulmonarj' 
metastases: dj'spnea, date of onset unknown. Death: Dec. 10, 1943. 
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TABI.K III. niLJIONAICV MlTARTASra Cl.ARSItTEn IlY IlADIOLOOIO ArrEARAKOE 


XEOPL-VBM 

xonuMi: 

AitOlU'JIOUfl 

LVMPIIAX- 

omo 

MlUAHY 

ilABflITE 

COKBOLI* 

PATION 

MIXED 

Cfircinonm 

Jtn 

32 

lU 

30 

2 

17 

Sflrconm 

,18 

0 

0 

2 

1 

o 

Afplnnobliutoma 


3 

0 

0 

3 

0 

TPratomn, tc*5tln 


1 

1 

0 

0 

0 

llyp^rnopliromu 

Endothelioma 

]a 

2 

2 

0 

0 

- 

(EwinfrV tumor) 

S 

0 

0 

0 

n 

0 

Choriopphlioliomn 

Tci>t\n 

.1 

0 

0 

n 

n 

0 

Uteri 

4 

0 

0 

0 

0 

0 

Wllnm’j* tumor 

4 

1 

0 

n 

0 

0 

S\'Tnpfillioblnj«tonin 
^^Qllpnant di^mso 

0 

0 

0 

1 

0 

0 

Un^pociileil 

n 

0 

0 

0 

0 

0 

TotnU 

24.1 

17 


1.1 

4 

SI 


be classified under two or tnore headings. .Such overlapping may l)c seen in the 
terminal atagc-s of malignant disease when the lungs arc inundated with increas¬ 
ing numlwrs of neoiilastie cells, the hilar nodc.s arc blocked, and c.stensivc retro¬ 
grade spread has oceunwl through lymidialic elianucls. In such a situation a 
lesion which has licen plainly nodular for many months may e.vhihit a miliarj' 
admisturo (see Pig. .3) with aniorphous or reticular infiltrates. 

In the 19 luiticnts whose tndmonnrv’ lesions wore classified ns Ij-mphangitic 
the primaries were locateil ns follows: 16 carcinomas, 9 of breast, 3 of bronchus, 
and 1 each of cso|ihngus, prostate, stomach, and tonsil; two h.vpemephromas; 
and 1 teratoma testis. Of the 13 in the niiliaiT grou)) there were 10 carcinomas, 
3 of breast, 2 hronehus, and 1 caeh of thyroid and stomach; two sarcomas, 1 of 
liver and 1 of skin; and 1 sATupathohlnstomn of the adrenal. 

A numljcr of somewhat uni-clntcHl generalizations can he made from the data 
in Table IV: (1) more mctastascs occur in the right lung than in the left. This 


Table IV. X-ray ArrE.\raNCE and Tiue Ueuatioxb or I'ULiio.sAnv SIctastases 




^WTUAOK KITilBEK 

>'OUCTl.Kfl AVnEK 

FIRST fiEEN' 

AVERAGE j 
m.MIETER 1 

NUMBER, 

KOnUDEM 

6 CM. OR 

ONSET OP : 
riUUARY TO 
.VTPEiVBANOEi 

or 

rUUtONARY j 

APTEARANCE 
PULMONARY 
META STAB F.S 

NEOPr-A8M 

NITJI- 

DEn 

RIGHT I 
JiUNO I 

LEFT 

LUNG 

NODDLES 1 

(OM.) I 

MOREIaV 

DIAMETER 

irETAffTASEfl 
(MO.) 1 

TO DEATH 
(MO.) 

Cnrclnomn 

Breast 

71 

2.0 

l.P 

1.2 

3 

32 2 

8.2 

Colon 

qo 

4.1 

2..5 

1.0 

0 

2D.1 

6.1 

Bronchus 

14 

1.1 

1.1 

1..1 

0 

14.8 

2.8 

Cervix 

14 

1.0 

1.0 

3,2 

0 

47.8 

0.2 

Thyroid 

10 

2.5 

2.5 

2.0 

3 

20.0 

18.0 


IQQH 

1.0 

2.1 

1.4 

2 


7.5 

Sarcoma 

41 

■KIiVH 

2.6 

2.4 

11 

17.0 

7.0 

Hypomopliroma 

20 

,1.0 

2.0 

i.n 

1 

10.7 

9.4 

ifelano- 

15 

0.0 

• ,1.0 

2.1 

o 

.12i5 

4.1 

lda*toma 

Temtoma 

14 

5.7 

5.2 

O q 

2 

10.1 

3.2 

testis 
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may be due to the fact that the right lung is larger than the left and that its 
vessels compose a greater network in which tumor emboli are caught. (2) The 
nodular metastases which attain the lai'gest size are those of sarcomas. (3) 
Teratomas of the testis have the shortest latent period (length of time between 
the fii-st obvious manifestations of the primaiy and the radiologic evidence of 
pulmonary metastasis) of the five major groups which metastasize to lung. The 
period between the appearance of the pulmonarj' metastases and the death of 
the patient is also shorter in this group. Rather surprisingly, melanoblastomas, 
which are also rapidly fatal once established in the lungs, have the longest latent 
period. 



A B C D E F 

Fjg. 9 .— A, Total number of pulmonaiT metastases. B, Pulmonarj' resection anatomically 
feasible. C, Primary apparently controlled. U, Later development of extrapulmonarj' metas¬ 
tases or recurrence of primary. JE, Fate unknown. F, Pulmonary resection carried out. 

In 69, or 21.9 per cent, of the 314 metastatic ])ulmoiiaiy lesions resection 
appeared feasible from the standpoint of number and distribution in the limgs, 
in so far as these factoi's could be determined from roentgenograms. However, 
this is not the only consideration with regard to cure. In some of these 69 the 
primaiy grovdh had invaded vital stinctures or extensive recurrence had already 
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followwl rcniovnl. In otlior inslancps cxtnipulmoniiry mctasInRcs which weiM in- 
cwidicnlilc were iilrciidy iireseni or evcntuiilbi developed. Tliore weie only 4 
patients, or 1.2 ])er rent of the orijiinal 314, in whom the primmy wius ultimately 
adeipiately eontrolled, c.Ylrnpnlmonnry nielnstases were al>senl throiijihoiit the 
period of oh.scrvation. and the inilmonary lesion.s were so situated that they could 
1)0 eomi)letely removed. Two of these were operated ui)on by I)r. John Ale.xander 
and, at last e.xamination, seven years and four years after resection of puhnonarj' 
tissue containing the lesions, were fix“c of malignant disease, so far as could he 
determined.'* (See Fig. 9.) 

Information nl)Out the incidenee of reenrrcnce of the jirimary and eventual 
develojiment of extrainilmonaiy metaslasea is not without value. This informa¬ 
tion, however, Is obtainable only by retrospection and is obviously not available 
in any instance at the moment of decision in dealing with malignant lesions.’ 
Time is an important faetor. That thci-c will be local recurrences or distant mc- 
tastascs after pulmouaiy resection in a certain proportion of ])ationts is obvious; 
but this risk of i)o.stoperativc recurrence or further metastasis is iiot sufficient 
reason to withhold treatment which may re.snlt in a significant added number of 
cures. In short, in a patient whoso primarj- lesion has apparently been success¬ 
fully treated, who has one or more |mlmonnr;i- mctaatasca so loeatcd that they can 
he resected without removing more than the volume of one lung, and who has 
no discovcmblo c.vtmimlmouarj- nielnstases, the inilmonary lesion should be re- 
seoted withotit dcla.v. 


CONCLfKIONB 

1. In a five-.venr period at the University of Jlichignn Hospital 334 patients 
were found who satisfied rigid clinical, pathologic, and radiologic eritei-ia for 
pulmonnrj- metastascs from a malignant primarj" tumor. 

2. Carcinoma of the breast was the commonest prjmarj" lesion, though not 
the highest in incidence of metastasis. It had the greatest degiee of pleomor- 
phism in the lungs; it also metastnsired, in addition to lung, to mediastinum and 
pleura in a higher proportion than did any other primarj- malignant lesion in 
this series. 

3. The distribution of aj"mptoms was determined among tho 172 patients 
who were noted to have symptoms. As a rule the presence or severity of sj'mp- 
toms was not related to the form or collective sUe of tho pulmonarj- motnstases. 

4. Nodular metastascs in lung maj- cavitate to produce a thick-walled de¬ 
fect not luilikc an alisecss. 


•Although roportB of thono patlenti have appettJ’«»d In full elrowhere,* It might be pertinent 
to »tate n few facta about each- The flrat patient tvaa a j'oung woman who had had a 
Bolndlo cell neurogenic aarcomn of tho loft forearm excised at another hoapltnl. Re-«iploratlon 
of tho forearm a rear Inter revoale<l only a benign neuroma In the atump of tho ulnar nerve, 
but roontgenogrema of the cheat ehoweo the proaenco of a aolltary metaataals In the right 
lower lobe. This wai Immediately removed alnca there wa» no aasplclon of local recurrence. 
A >*ear later the left upper lobe, containing a maa* which had been known to be present for 
^e preceding five montha, wat removed- Both lealona were reported by the Department of 
PBtholog>’ at the Unlvor»lt>' of Michigan Hoapltnl ha apindle-ccll aarcoma metaatatlc to lung 
Seven years after this second lobectomy the patient was well with no evidence of recurrence 
or metaataala. 


The aecond patient was a middle-aged surgeon who do>’eloped a mass In the soft tissues 
of the right thigh anterolaterally. On removal this proved to bo a aplndle-cell flbrosnrcoma- A 
recurrence In the scar was excised six months later and .x-ray tnerapy ^ven locally. One 
year after this the upi>er lobe of the right lung w-as removed oecauso of the rocent appear 
once in the roentgenogram of n small nodule. This was found to be splndle-cell sorc^a. 
like that from the thigh. Four years later there was no evidence of neoplastic disease ^ 
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5. Pulmonary metastases were classified by their radiologic appearance into 
five groups; nodular, amorphous (infiltrative), lymphangitic, miliary, and mas¬ 
sive consolidation. 

6. More metastases occurred in tlie right lung than in tlie left. 

7. In this series, the pulmonary metastases of sarcoma attained a larger size 
than those of any other neoplasm. 

8. Teratomas of the testis have the sliortcst ‘ ‘ latent period ’ ’ and the short¬ 
est ‘ ‘ survival period. ’ ’ 

9. Melanoblastomas have the longest latent period. 

10. In only 21.9 per cent of the 314 cases was resection of the metastatic 
pulmonarj'- lesion practicable from the standpoint of anatomic distribution as 
determined roentgenographieally. Other considerations such as extent of in¬ 
vasion of vital structures by the primarj’^ and the presence of extrapulmonary 
metastases reduced the number on which operation could possibly have been con¬ 
sidered to about 11.9 per cent. 

11. Operation was actually carried out in only 0.63 per cent, or two patients. 
These two patients, however, are still alive and free of malignant disease more 
than four and seven years after their pulmonary resections. 
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infill SEOJIKNTAL SPINAL ANESTHESIA 
A PnKi.iMiNARv Rra>onT 

S. Tiiatoukr IIuunAiiD, ,Jn., M.D., (i'ii.dert P. SciixEinEn, JI.D., P.A.C.S., and 
Lko .7. Ki:nney, JI.D. 

Spokane, AVasii. 

O NE of the most difficult prohlcni.s confitmtinp the mirgcon mid nnesthetist 
for many years has been the selection and administration of an anesthetic 
to the patient underpointf siirRcrj- for pnlmonari- tuberculosis. The wide 
variety of anesthetic tcchniiiiics aupge.stcd hx' various authors for the por- 
formanoe of thomcoiilasties attests to the lack of suitnhility of any one method. 
Ccn-ical intmthceal jnmeture, sinplc dose, segmental spinal anesthesia comes 
clo.se to .solving the iirohlem. 

The advent of spinal aneslliesia le.ssened the liaxartls and greatly aided the 
execution of abdominal surgery in idithisical patient.s. This technique continues 
to ho tile universal choice in tlic tuhercnlous patient undergoing abdominal oper¬ 
ations. However, the vast majority of snrgorj' in this .disease involves the 
thorax, and hero spinal anestliesia generally has been rcgarelod as too dangerous, 
gaining only a few adherents. Honan,' in 1930, and Bettman and Bio.scnthal,* 
in 1931, wore early enthusia-sts for the asc of spinal anesthesia in tlioracoplasties. 
Later workers searching nlxuit for some satisfactorj- type of anesthesia for this 
work gave the intrathecal method a trial. Shields''' advocated spinal anesthesia 
for thoracopla.stics with procaine hydi-ochloride inserted through a lumbar inter¬ 
space with the iiaticnt placed in a marked Trendelenburg position. Qurd, Vine- 
berg, and Bonnie”' ” irsed the Etherington-'ffil.so_n technique' which depended up¬ 
on a largo dose of nuiiereainc to rise from the liimliar area of the spinal canal 
to the cen'ical region while the patient was in a sitting position. ■\Villnniior and 
associates,* in 1947, suggested tho use of continuous spinal anesthesia xvith an 
intermittent dasc of procaine hydrochloride delivered in a needle inserted in 
the lumbar area, and the patient in a fifteen degree Trendelenburg position. 
Jinny other surgeons tried spinal anesthesia for extrapleural thoracic procedui'es 
but abandoned it because, ns Corjdlos* stated, “a marked drop iii blood pressure 
occurred frequently and could not ahvays lie controlled.” 

Any technique of inducing spinal anesthesia that necessitates the intro¬ 
duction of a large dose of anesthetic drug in a lumbar intervertebral space, 
wliich is then jicrmittcd to run upward throughout the length of the spinal 
canal to the cervical area, results in a generalised physiologic disturbance. The 
entire sjunpathctic chain is ancsthotiied, widespread x-asodilatation occurs, and 
alarming circulatory collapse and hitorcostal paralysis follow. With a small 
dose of highly diluted anesthetic drug deposited in the spinal canal at the level 
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throws the seventh cervical spinous process into prominence. The skin is prepared and 
after a skin wheal is made over the seventh cervical intervertebral space, a two-inch, 22 
gauge short bevel needle, attached to a 2 c.c. syringe, is then inserted into the intrathecal 
space. 

Constant suction should be maintained within the syringe so that the moment the bevel 
enters the intrathecal space spinal fluid will be aspirated, thus minimizing the danger of 


1 



Fig. 2. A .—Photograph demonstrating the position ot the patient and angle of the needle for 
intrathecal puncture. Care must be taken to maintain constant suction In the sj-rlnge. 



Fig 2 B.—Roentgenogram demonstrating position of two-inch, 22 gauge needle in seventh cei 
’ vlcal intervertebral space. 
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puoclurinc tlip rorO. Enough cproliroi'pJnnl flulil Ip removixl to make a 1 per cent solution 
urhen mixed with niphnnoid pontocninc. Of tliis, usunlly d mp. nro diluted with ono nnd onc- 
hnlf times its volume of 10 per cent dextrose. Four-tenths cnbic centimeter of 1 per cent 
neosynephrin is then ndderl to this mixture. TIds solution is injected with the bevel of 
the spinnl needle pointed enudnd nnd ut the npproxinmte mte of t/J c.e. per second. The 
patient is immediately plnced in tlie Inteml reeumitent position witli the opemtive side 
uppermost. Tito hend is plnceil on n pillow so that the cervicnl cord is acutely elevated nnd 
the toblo is mointninetl nt n horir.ontnl level. A BLIl mask is tightly fitted on the patient's 
face and oxygen is allowed to flow at ten liters per minute. Tho opemtive field is prepared 
and tho surgicnl procedure is iregun. 

STUDV OP CASES 

Tilts .stud.v comitriscs n series of .seventy-five thomeic operations done under 
spinal anesthesia (Table 1). Tlie operations were largely thoraeoplasties, first, 
second, nnd third stages. Tho itntients were an average group of tuhcrculous 
sanatorium cases of both sexes ranging in age from 18 to C3 years. Fifty-eight 
operations were done on patients ela.ssifled as far advanced and fourteen opera¬ 
tions on patients ela.ssifled as modcmtcl.v ndvauecd. In six eases an extrapleural 
pneumothorax was done. The thoiaeopla.stics were typical two or three stage, 
five- to seven-rib itrocediires iterfonncd through a pastcrior incision in all 
in.stanccs, Tlie longc.st operation lasted two hours nnd twenty minutes nnd the 
shortest forty minutes. The average operating time was approximately one nnd 
one-halt houis. Oecasionnlly it is uccc.ssnrj- to administer an intravenous 
narcotic to quiet an niiprchensivc or uncooperative patient. All patients re¬ 
ceived a supportive tmnsfu.sion of fiOO c.e. of whole blood given throughout the 
course of the operation. 

There were no deaths in tho group, neither immediate nor late. Central 
respiratory paral.vsis was not cncountci-ed, although an accident of this nature 
was feared nnd preparations made to combat it in every case. The respiratory 
minute volume was depi-esscd on the average of about 30 per cent (sec Table 
II). The fullest possible o.x.vgenntion was insured by the administration of 
o.X}-gen nt ten liters per minute by an cflicient BLB mask. Spinal headache 
was cncounteivd in one ca.se and this was eomiiletcl.v relieved with a few oral 
doses of nicotinic acid. 


mscufWioN 

The advantages of this type of anesthesia in extrapleural thoiacie opera¬ 
tions, csiieoinll.v for thoracoplasties, appear multifold. 

The ndmini.stration is simple nnd rapid. The approach through tho seventh 
cervical intervertebral space is by far the easiest entrance to the spinnl canal. 

The patients aie fiee from ])ain nnd discomfort during the operation and 
maseulnr relaxation is adcfjunto for the surgical ijinccdure. 

The vasomotor tone remains constant and Uttlo or no change was noted in 
the blood pressure of these patients after the anesthetic was given. There is no 
need for prespinal va.soconstrictor drugs. In about one-half of the cases in the 
series dcso.xA-ephedrine hydrochlondo (Drinalfn) was given intramuscularly 
just prior to administering the spinnl anesthetic to support the blood pressure. 
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Table II. Series of Ten Consecutive 


CASE 

SEX 1 

1 1 

! AGE 
(YR.) 

1 

1 

DATE 

CLASSIFICATION 

OF disease 

SITE 

OF 

spinal 

PUNC¬ 

TURE 

ANESTHETIC DRUGS 
AND DOSE 

TYPE OF 

OPERATION 

J. B. 
4o91 

F 

27 

5/24/49 

Moderately 
advanced ! 

Far-advanced ^ 

C, 

Pontocaine 6 mg,, 
glucose 1 C.C., neo 
s^Tieplirin 0.4 c.c. 

1st stage thora¬ 
coplasty 

R. O. 
4570 

F 

1 

29 

1 

5/24/49 

contralateral 

e.vtrapleural 

oleothorax 

C, 

Pontocaine 4 mg., 
glucose 0.6 C.C., neo- 
synephrin 0.4 c.c. 

Revision of 
thoracoplasty 

G. M. 
4360 

M 

53 

5/26/49 

Far-advanced 

contralateral 

lesion 

C, 

Pontocaine 5 mg., 
glucose 0.7 c.c., neo- 
sjmephrin 0.4 c.c. 

1st stage thora¬ 
coplasty 

E. L. 
4443 

1 F 

32 

5/26/49 

Moderately 

advanced 

1 

Pontocaine 5 mg., 

[ glucose 0.7 c.c., neo- 
sjTiephrin 0.4 c.c. 1 

! 1 

2nd stage thora¬ 
coplasty 

V. X. 

45S1 

F 

1 

26 

5/31/49 

[ Far-advanced 
contralateral 
lesion 

c, 

Pontocaine 4 mg., 1 
glucose 0.0 C.C., neo- 
synephrin 0.4 c.c. 

2nd stage thora¬ 
coplasty 

1 

R.. B. 
4570 

M 

43 * 

5/31/49 

Far-advanced 

contralateral 

lesion 

i 

Pontocaine 5 mg., 
glucose 0.7 c.c., neo- 
synephrin 0.4 c.c. 

1st stage thora¬ 
coplasty' 

B. V. 

4613 1 

F 

47 ^ 

6/ 2/49 

Far-advanced 

1 

i 

Pontocaine 4 mg., 
glucose 0.6 C.C., neo- 
8>TiephTin 0.4 c.c. 

3rd stage thora¬ 
coplasty 

S. K. 
4203 

M 

63 1 

1 

6/ 2749 

Far-advanced 

i 

c, 

Pontocaine 4 mg., 
glucose 0.6 c.c., neo- 
synephrin 0.4 c.c. 

Ist stage thora¬ 
coplasty 

J. B. 

4591 

F 

27 

6/ 7/49 

Moderately 

advanced 

c. 

Pontocaine 4 mg., 
glucose 0.0 c.c., neo- 
aynephrin 0.4 c.c. 

2nd stage thora¬ 
coplasty 

G. M. 
4560 

M 

53 

1 

6/ 7/49 

Far-advanced 

contralateral 

lesion 

c, 

Pontocaine 4 mg., 
glucose 0.6 C.C., neo- 
svnephrin 0.4 c.c. 

2nd stage thora¬ 
coplasty 


This was subsequently omitted from the routine preoperative management and 
in the latter one-half of the study the blood pressure of the patients remained 
relativel}’^ constant during the operation despite the lack of a vasoconstrictor 
drug. 

The cough reflex is retained during the opex'ation. Apparently the anes¬ 
thetic dose is so small and diluted that the motor component of the intercostal 
nerves is only partially anesthetized, usually allowing a liberal degree of inter¬ 
costal respiration. Furtherinoi'e, inasmuch as the anesthesia is segmental and 
the anesthetic level extends caudad only to the umbilicus, the action of cough¬ 
ing is still aided by the abdominal muscles. There is usually about a 50 per cent 
motor loss in the upper extremities but skin .sensation of the arms and hands is 
consistently absent. There is no paresis, anesthesia, or paresthesia of the lower 
trunk or extremities. The patient frequently is able to move unassisted from 
the operating table to the litter when the surgeiy is completed. 
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Ol'FaiATIONR Oivixn DkTAILEII iNTOilMATInS 


nURATlON' OP 
OPRILVTION* 

Hri'l'I.FJtKXT 

TO 

ASEffTJinWIA 

UUK>1* 

DHtl.Vn TIIP 
orniATioN 

VITAL 

CAPArm* 

U'.c.) 

VITAL 

C’APAtTTV 

5 MiNMrrr.H 
aith: AO- 
MlNIRTEltlXL* 

HPIN'AL 

(o.r.) 

Prai IIKNT 
urn>U(Ti()N' 

IX \TrAL 
fAPAfirV 

COMMENTS 

Hinn 

i.nw 1 

1 Iir, 

55 miiL 

Domcrol 

75 niff. 

I.V. 

120 

120 

SO 



24.0 of ovm 
vitnl cnpnrltv 


■■ 

None 

1 

12(1 

no 

00 . 
70 

l^KHI 

1.000 

2.1.0 

ilodcmto nvnnoAir 
tlirouphont 

1 hr. 

45 min. 

rh'tncrol 

75 mp. 

I.V. 

110 

ion 

70 

i . _ 

.1^15(1 

2,100 

1 

40Ji 

Irmtionnl from 
nitHlIention 

1 hr. 

25 min, 

1 

Xftne 

ISO 

no 


Hi‘n(linps not talcon 


In ndditioQ to pul- 

monnrj' disen^e 
pntlent hnd ron- 
lipnnnt hyper- 
tenjion 

5n min, : 

Nono 1 

100 

00 

m 

2.200 

3,500 



C hr. 

■■ 

HQjg 

m 


2,400 

1,1150 

B 


52 mlru 

Demerol i 

100 mp. 1 
I.V. ' 

140 

W 

110 

HO 

1.400 


7.1 


1 lir. 

40 min. 

None 

120 

on 

110 

80 

1 


1,450 

38.0 

1 

1 lir. 

.10 min. 

Xonc 

122 

SO 

no 

74 

2.800 

1,500 

40.4 


1 hr, 

25 min. 

None 

112 

88 

n 

.1,000 

2,250 

1 

25.0 



Tlio postoperative course reseml)lcd that of patients operated upon imder 
Jocal anesthesia. Routinely, they were made amhulatorv- on the first post¬ 
operative day. On the second postoperative day a fiUl diet was generally taken 
and retained. Nausea and vomiting was an uncommon postoperative occur¬ 
rence. 

The patients themselves expressed satisfaction with the anesthesia and, in 
many cases, where apprehension existed prior to the first stage, this disappeared 
after their initial experience and thc.v accepted the anesthesia with full con¬ 
fidence for their subsequent stages. 

Some of the disadvantages inherent in any t.r-pe of regional anesthesia used 
for thoracic operations are present with high segmental spinal anesthesia. Of 
these should bo mentioned the following; 

If inadvertently a hole is made in the pleura and parado.xical respirations 
ensue, a repair of the pleural tear, or a moist gauze pack placed over the tear 
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with continuous suction \vithin the pleural cavity, will usually suffice to 
ameliorate the situation. In the event that severe paradoxical respiration de¬ 
velops and the respiratorj^ exchange is reduced, an intratracheal tube can be 
inserted quickly and without difficulty after an adequate intravenous injection 
of pentothal-d-tuhoeurarine solution, after which assisted respiration can be 
carried out. This exigenc}' was encountered in one case in the seventy-five opera¬ 
tions. 

The loss of the sensation of Ijreathing is frightening to some patients and 
for this reason reassurance and heavy premedication should he used. This 
combination gives a cooperative, quiet, frequently dozing patient who usuallj^ 
does not I’emember having been to surgery. 

The intrathecal puncture at the seventh cervical intervertebral space should 
be done vdth extreme caution so as not to mjure the spinal cord. A short bevel, 
two-inch needle is used to prevent too deep a puncture, and ivill just reach 
through the dura in the average adult. 

SUMMARY AND CONCLUSIONS 

A series of seventy-five thoracic operations for pulmonar\^ tuberculosis has 
been presented in which a new technique of inducing spinal anesthesia is 
described. The anesthesia appears to fulfill a much needed place in the 
surgerj'- of pulmonaiy tuberculosis inasmuch as it combines advantages of gen¬ 
eral and local anesthesia without possessing the undesirable features of each. 
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TBKATJrENT OP ENDOBIIONCHIAE TUBERCULOSIS WITH 
STREPTOMYCIN 

Captain Eikirnf. U. Eiiman,* JIedical Corps, Unitep States Arjiy 

HISTORY OP ENDORRONCniAL TUUMOIM.OSIS 

A HISTORICAL rcviciY of the mcdient literature on the subject of endo- 
lironehinl and endotracheal tuberculosis dates the recognition of this entity 
with the development of the bronclioscoiic by Chcvnlier Jackson. Pioneer work 
in tbe description of the lesions was made by both Jackson and Eloesser,® the lat¬ 
ter having written a pioneer article on stenotic lesions of the trachea and bronchi 
in 1934. Others, including Sanison," 1936, Barnwell, Littig, and Culp,’ 1937, 
AYarrcn, Hammond, and Tuttle,’ 193S, Dolley and Jones,* 1940, Chamberlain 
and Gordon,’ 1942, Brewer and Bogen,’ 1947, and Judd,’ 1948. have all con¬ 
tributed to the literature on the subject. 

In June, 1941, Cbamliei lniu and (iordoii’ reported at The American Associa¬ 
tion for Thoracic Suigerj- in Toronto that the only form of therapy directed 
towanl the cure of cndobionchial tuberculosis other than external drainage of 
an abscessed fistula or lolicctomy or thoracoplasty in treatment of the underly¬ 
ing cause was application of silver nitrate locally. They described improvement 
but cautioned against usuig the word “cure” with this method. 

With the advent of strciitomycin therapy and the research program being 
carried out by the Streptom.vcin Committee of the Veterans Administration,' 
several studies have been comiilctcd and reported. 

CU'SSIFICATION 

The ])croml Endoscopy Section at Fitrsimons General Hosiiital uses the 
following classification for the dilfcrentiation of endobronchial tuberculosis: 

1. Hyperplastic 

2. Submucosal 

3. Ulcerative 

4. Pibro.stonotic 

1. Tbe hjiierplastic lesion is a patch of hypercmic hyperplastic duU velvet 
color mucosa raised from the uoiinal pink mucosa. 

2. The submucosal lesion is usually defined ns a tubercle 'witb a character¬ 
istic opalescent yellow-white coloration over its tip and a riuglike area surround¬ 
ing this similar to the h.viierplastic lesion, but usuall.v not as granular. 

3. The ulcerative lesion is a depressed, shallow, deep red ulcer with a dark 
red hypeiemic area sun-ounding it. The ulcer varies ui sire, shape, and position. 

4. The fibrostcnotic lesion is an old healed lesion with cicatricial areas in 
the broncliial walls causing various stages of contraction and stenosis of the 
lumen. 

From The SurclcaJ Service, FlUalmon* General Hojpital United State* Army Denver 
Colo. ' * 
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Table I. Total Dose of Treatment 


ij:sion 

TOTAL 

l*ATIENTS 





DOSE 

IN GRA.MS 




UNDER 1 
28 

28 

28 TO 
41 

42 

43 TO 
5!) 

(iO TO 
1)0 

01 TO 
120 


150 TO 

172 

224 

Hyperplastic 

2 ;! 

1 

:i 

4 

5 

• ) 

4 

1 

0 1 

2 

0 

Submucosal 

15 

0 

t) 

2 

5 

1 

2 

2 


1 

0 

Ulcerative 

11 

0 

2 

1 

2 

1 

0 

2 


0 

1 

Fibrostenotic 

It) 

1 0 

0 

0 

0 

0 

0 

0 

0 1 

0 

0 


STATISTICS 

From June 1, 1947, to Februaiy 28, 1949, 1,882 patients were examined 
bronclioscopieally m the Peroral Endoscopy Clinic of Fitzsimons General 
Hospital, of Avhom 1,108 had a clinical diagnosis of pulmonarj’^ tuberculosis. 
Ninety-two patients or 8.3 per cent of the latter cases had evidence of endotra¬ 
cheal or endobronchial tuberculosis. Of these, 24 patients were lost to the study 
by transfer from the hospital and 49 were followed to healing after treatment 
with streptomycin. Twenty-three cases were diagnosed as hypex'plastic type, 15 
were of the submucosal type and 11 were of the ulcerative type. Nineteen 
patients vdth fibrostenotic endolironehial tuberculosis were also observed in 
this series but Avere not treated Avith streptomycin since no activity was present. 
One hundred tAventy-nine bronchoscopic examinations Avere performed on the 
patients or an average of 3.1 examinations Avas performed on each patient. 


Table II. Dose Plan of Treatment 


lesion 

TOTAL 

PATIENTS 

1 DOSE IN GRAMS 

DAILY , 

DAILY 

TWICE 

THREE 

TIMES 

DAILY 

DAILY 



0.5 

1 

1 

1 

2 

2 

Hyperplastic 

23 

1 

15 

] 

3 

3 

0 

Submucosal 

13 

0 

14 

0 

1 

0 

0 

Ulcerative 

11 

0 

S 

0 

1 

1 

1 

Fibrostenotic 

19 

0 

0 

0 

0 

0 

0 


In this study, 15 of the 23 cases of hyperplastic endobronchial tuberculosis 
Avere treated Avith 1 Gm. streptomycin intramuscularly daily, and the others in 
this group included varjdng dosages (see Table II). Fourteen of the 15 patients 
Avith submucosal endobroncliiai tuberculosis Avere treated with 1 Gm. streptomy¬ 
cin intramusculaiy daily, and 8 of the 11 patients Avith ulceratiA’^e endobronchial 
tuberculosis Avere treated Avith 1 Gm. streptomycin intramuscularly daily. The 
earliest healing seen in the hj^erplastic type was twenty-eight days and the 
longest healing seen was OA^er 120 days with a mean healing of forty-tAVO days. 
Similar figures prevail for healing in the submucosal type Avith a mean healing 
time of slightly over forty-tAvo days. Six patients Avith ulcerative endobronchial 
tuberculosis were healed in over forty-tAVo days and 5 patients were healed 
in less than forty-two days (see Tables I and III). 

Table in. Complications on Healing 

None in 23 cases 
None in 13 cases 

3 cases of 11 healed Avith stenosis _ 


Hyperplastic 

Submucosal 

Ulcerative 
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DISCUSSION" 

Tlie lieport 1o llie Coimcil of The Amcricnn jredienl Association' based on 
data submitted to tiie Fiftli Strciitomyeiii Conference in Cliicago during April, 
1948, summarised the result of streptomycin therapy in 112 cases of tracheo¬ 
bronchial tuliereulosis. The evidence of lulicrculous causation in the presence of 
repeatedly jiositive hronchascopie olisen'ations was aeeeided in this study ns 
in the IJcport to the Council hy the demonstration of neid-fnst bacilli in tbe 
sputum by culture. Xo ])nlicnls in this study group were treated by stiepto- 
mycin aerosol inhalation ns this procedure mis abandoned b_v jircvious investi¬ 
gators in favor of the intramu.scular route. 

The Uciiort to the Council of The American llwlicnl Association in October, 
1948, noted that lictween 80 and 90 percent of tbe lesions were reported ns cither 
healed or improved. The.so results were less constant than those of Bi-ower and 
Bogen who, in 1947, reported 100 per cent healing mtb 2 t!m. streptomycin intra¬ 
muscularly daily in 13 patients with nlccrativc lesions. The explanation offered 
for this differeneo was the tendency to include inflammatorA- lesions ns distinct 
from the purely uleei-ntivc lesions annlyzisl by Brewer and Bogen. 

In tbe series .studied in the paper, complete healing without residual fibrosis 
oeclirred in 100 per eotit of tbe 23 patients with h\"pcrplnstie endobronchial tuber- 
eulnsis and com|)lete henlitig without residual fibro.sis was noted in 100 per cent 
of the 15 patients with suhmucosal endohronehini tuberculosis. Three patients in 
the group of 11 with the diagnosis of iilcemtive endobronchial tuberculosis healed 
Avith residual stenosis. Ton per cent of the eases included in the Fifth Conference 
figure were of the fibrostcnotic type. TAventy-two per cent of the eases diagnosed 
as endobrouchial tuliereulosis in this .scries aa’cio of the fibrostcnotic t.A'pc of 
endobronchial tuberculosis. 

It is of interest to note that complete healing occurred without residual fibro¬ 
sis in the bypcrjilastic and submuco-sal tj-pcs of diseases and that the residual 
fibrosis Avhich Avas obsciwcd occurred only in cases of ulcerative endobronchial 
tuberculosis. This fact has considerable clinical significance Avhen it is remem¬ 
bered that all that could be hoped for prior to streptomycin therapy Avas that the 
disease AA'ould run its “natural” eouree and heal AA-ith a minimal anioimt of 
stenosis and mechanical olistruction and that no fuilhcr c-xtension or spread 
Avould occur secondarily. 

sumjiaby 

1. A grouj) of 49 patients Avitb actiA'c endobronchial tuliereulosis treated 
Avith streptomycin and folloAA-cd to healing are reported. 

2. The majority of the patients received 1 Om. streptomycin intramnscularly 
daily. 

3. The average healing time for hyperplastic endobronchial tnbercidosis Avas 
42 days, for submucosal endobronchial tulicreulosiK 42 days, and slightly longer 
for nlceratiA-e endobronchial tuberculo.sis. 

4. All patients healed AA-itbout residual fibrosis except 3 patients AA-ith 
ulcerative endobronchial tuberculosis and these healed Avith some degree of 
stenosis. 
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C^VNOEU OP TUB CERVJCAB EROlUrAOUS 
AVitii a Cask Rkport 

jrAURiKK 0. Buckles, Jr.I)., P.A.C.S.* 

Coi.uiinus, Ohio 

S INCE 1938, tremendous strides hove been iitndc in the surgicnl innnngcment 
of mnlignnnt disenscs of tlie esophngns, more notnbly in the regions of the 
middle nnd lower thirtls of the esophngns. Mnnngenient of n mnlignnnt lesion 
in the upper or ccrvicnl esophngus still jircscnts n problem. While the sur¬ 
gicnl nppronch in the middle nnd lower thirds hns become mther stnndnrdized, 
n lesion in the upper third is hnndled in n vnricty of wnj’s by different sur- 
geoiLS. This, together with the infrequent reports of lesions in this nren 
trented by surgery, ns contrnsteil with the numerous reimrts on lesions in the 
middle nnd lower thirds, signifies, ns yet, Inck of ngreement on n completely 
sntisfnctory procedure. 

Curciuomn of the esoiihngus is gencrnlly considered to comprise 5 per cent 
of nil mnlignnnt diseases. In the United Stntcs, Iloffninn’ found the mortnlity 
from enreinomn of the esojihngus e.xcecds 200 per yenr. In 8,672 collected 
enses, Ochsner nnd Uellnkcy’ found 1,717 coses (20 ])er cent) were locnted in 
the iqiiier third of the esophngus. Thus, it behooves the surgeon to strive for 
n sntisfnctory nppronch to the mnnngomcnt of lesions in this nren. 

HISTORY 

In 1871, Billroth’ dcmonstrntcil thnt resection of the cen-ical esophngus wns 
fensible in dogs. Czerny,’ in 1877, reported the first successful removal of 
enreinomn in the cervicnl esophagus in man; the pntient lived fifteen montlis and 
died of a reeurrcnca In 1884, Von Mikulicz’ reported the suceessful removal 
of the cervical esophagus, nnd the auliscqucnt plastic i-cpnir of the defect by a 
skin-lined tube. 

Esophngognstrostomy was first done on dogs in 1895, by Biondi.” Among 
the first to propose esophngogastrostoiny after esophagectomy in man wns 
Gosset' in 1903. In his reports on the procedure in dogs, he first called attention 
to the importance of anchor sutures to relievo tension on the anastomosis. The 
first successful case of csoiiliagcetomy for enreinomn of the lower esophagus, 
and esophagognstrostomy over a JIurphy button (AVendel’s technique), was pre¬ 
sented b.v Adams nnd Phemister,’ in 1938. 

Garlock," in 1943, started to mobilize the stomach for asophagogastrastomy 
high in the thorax nnd found ho was able to deliver the stomach up to the apex 
of the tliorax without endangering the blood supply or causing tension on the 
anastomotic suture line. 

Several reports are now present in the literature concerning radical eso¬ 
phagectomy with ccndcnl esophagognstrostomy. The first reported successful 
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ease was by Sweet'" in 1948. This was followed by reports from O’Jlonnell," 
Wylie and Frazell,'- Brewer,'® and Nissen." The two cases of O’Donnell and 
Brewer are the only known reports of carcinoma of the cervical esophagus 
treated in this manner to date. 


PRESENT TECHNIQUES 

Todaj^ there are two principal procedures practiced in surgery for car¬ 
cinoma of the upper esophagus. One is a local block resection Yuth subsequent 
repair by a skin-lined tube, most popularly fashioned after the method of 
Wookey.'® The other involves almost a total esophageetomy with removal of all 
major Ijunph channels draining the area, through a transthoracic approach, 
and transphrenic mobilization of the stomach for a cervical esophagogastrostomy 
to maintain continuity of the gastrointestinal tract. 

In AVookey’s two-stage method, the first stage consists of resection of the 
cendcal segment and turning in of a rectangular flap of skin, subcutaneous fat, 
and platysma muscle. The flap is sutured to the h,iqiopharyn.\ above and to the 
distal esophagus below, leaving a temporaiw groove. At the second stage, several 
weeks later, this groove is closed to restore the continuity of the esophagus. 
Since, as a rule, the surgeon has access to only about four inches of the length of 
the esophagus, this procedure cannot include wide regional dissection. This, 
likewise, makes impossible the removal of the lymph nodes draining the area. 

In the other approach, where suspicion exists of extension to the carotid 
sheath or the superior mediastinal structures, a low cervical incision may be 
made first to determine operability. The thorax is opened b.y a left postero¬ 
lateral incision. The mediastinum is then opened above the arch of the aoida 
and the esophagus at this level is mobilized up to the ceiudcal level. The re¬ 
mainder of the esophagus is freed from the mediastinum, the diaphragm opened 
widely, and the stomach and duodenum mobilized. The esophagus is diidded at 
the cardia and tlie cardia is closed. The medial end of the left clavicle and 
anteidor part of the first rib are then resected and the fully mobilized stomach 
passed through the thorax into the neck for a cervical esophagogastrostomy, 
consisting of a two-layer anastomosis of interrupted sutures. A small Penrose 
drain is left in the eervdcal wound and an intercostal catheter within the pleural 
space for suction drainage. 

COMMENTS 

AYhile the sjnmptoms of carcinoma of the esophagus, such as dysphagia, 
pain, loss of weight, vomiting, hoai'senes.s, bleeding, and coughuig, are classical 
when present, they often bespeak a late or extensive lesion. This is especially 
true in carcinoma of the upper esophagus. Moreoimr, carcinoma of the eso¬ 
phagus, even when far from the cardia, metastasizes to regional lymph nodes 
at the level of the tumor and beloiv the tumor as demonstrated by Sweet'" 
and Gauthier-Villars and Dontzoif.'' Thus, it is evident that the local re¬ 
section of a ceiudcal esophageal carcinoma Avill be adequate only in the rare 
ease of an early, small, low-grade malignant lesion, and the surgeon ivill al¬ 
ways be in doubt as to the status of the lymph nodes in the superioi 
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inedinstinum, liilnr region, pericsophngenl, pcriennliiil, nnd left gnstric regions. 
Also, from the stnndpoint of the i)nlicn1, n plastic repair with a skin-lined tube 
is seldom completely snfi.sfnctory, due to freciuent failures in ideal anastomo.sis 
hetwcen skin nnd esophageal tuesue. The radical i)rneednre wonld seem more 
ideally to answer the requirements of adequate cancer therapy, namely, a unde 
block resection of the lesion nnd adjacent tissue nnd removal of all Ijanph 
nodes in the areas of frequent metastasis. 

The aim of cancer .surgery is to cure the disease nud thereby render the 
patient’s life useful nnd enjoyable. The less radical approach has the 
advantage of a lower liostoperativc mortality nnd morbidity rate. However, 
since only an occasional early case can e.vpcct to be cured by this npi)ronch, 
the more radical resection should extend the number of cures. 

Irradiation thprn])y has its ])ropoucnts nnd esiiecinlly is this true in the 
cen icnl area. There arc .several senttered reports of si.x-, seven-, nnd eight-year 
cures of carcinoma in this area using roentgen-ray therapy. However, irradia¬ 
tion therapy Ls of no value in eases of extension to the lymph nodes; there¬ 
fore, the surgical removal of the le.sion .should affortl a better chance for cure. 
It is doubtful if roentgen therapy should be uscil even in palliation unless the 
act of swallowing can he maintained nnd should be reserved for the early cases 
in whieli surgerj- is contndndicntcd, either due to extreme age or associated 
patholog.v. If the lesion is inoperable nnd com))lcte obstruction has occurred, 
the only palliation to be oiTered is gastrostomy; however, this is sfnctly tem¬ 
porary—the prolonging of life being insunllj’ oidy three to six months with the 
patient usually uidinpiiy due to sjnnptoms nud the loss of swallowing. 

As pointed out by Ije\vis,'* while carcinoma of the esophagus appears to 
bo of low-grade malignancy, as Adewed by the ])athologist, the lesion is in the 
main of rather high malignanc.v, considering the length of time it takes to 
kill the patient and the liability to recur after an apparently adequate resec¬ 
tion. Earlier recognition nnd still further impiovements in technique are 
needed to e.xtend the nundier of cures. Any symptoms referable to the eso¬ 
phagus should be investigated nnd the presence of dysphagia in a patient past 
the age of 40 years should not be dismissed until x-ray examinations Avith 
barium swallow nnd contrast media examination of the mucosa, eso- 
phagoscopy, nnd even bronchoscopy hnA'o been carried out. If a suspicious 
lesion is found, even if biopsj- by esophagoseopy is negative, an exploration 
Arith adequate biopsy and examination of the lesion should not be deferred. 
Once a malignancy is found, Avhen operable, as radical resection ns po.ssiblc 
should be carried out to fulfill the requirements of adequate cancer therapy. 

C.ARB RKi-oirr 

The following cfiM* of nircinonm of the upper onoplmpus idth n Bocccssful mdlcal resec¬ 
tion iind cen-icnl csophapopfiftrostomy is prcsmtetl. 

•T. if., a (W-year-oltl white man, eufored lit. CnmicI Hospital on .Tan. 4, 1949. Complaint 
uufi th'sphftj'in of three months’ dumtlon, pmduall.T proffressinff to the point where only liquid* 
could Ik* swnllowofl. There mi* a weight los* of twenty-eight pound*. 

Physical examination was essentially negative. 
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During the procedure the patient received 2,000 c.c, of whole blood. Bronchoscopy 
was done before leaving the operating room. The postoperative blood pressure was 100 
systolic and 70 diastolic. 

The surgical specimen (Fig. 2) consisted of 19 cm. of e.sophagus. On opening the 
esophagus, a large ulcerated mass with a necrotic center was found involving the upper 
segment. With the exception of about .5 cm., the tumor completely encircled the eso¬ 
phagus. The tumor appeared to involve the wall, and the wall of the esophagus in this 
area was considerably thichened. A close examination of the tissue revealed no involved 
lymph nodes. ITieroscopic e.xaraination revealed squamous-cell carcinoma, grade 3 malig¬ 
nancy, with some invasion of the muscularis but no evidence of extension through the 
muscularis. The mucosa at the proximal end was free of tumor.* 

Postoperatively the patient was placed on suction drainage of the chest. Penicillin 
and streptomycin were continued. Progres was satisfactory and the drainage tubes were 
removed the second postoperative day. The patient received 1,000 c.c. of blood after 
surgery. Early ambulation was employed. Food by mouth was given on the third day 
gradually increasing to a regular diet by the seventh day. 

X-ray examination with barium (Pig. 3) revealed no evidence of obstruction at the 
anastomosis. The patient was discharged Jan. 29, 1949. 

Follow-up examinations reveal the patient progressing satisfactorily. The only 
complaints are some slight discomforts and gas but he is swallowing well. At the last 
examination, June 18, 1949, the patient was doing well with no evidence of recurrence. 

SUMMARY 

A brief retaew of the literature is presented accompanied by a case report 
of removal of the upper portion of the esophagus including a portion of the 
cervical esophagus. An instifficient number of these cases have been done, ap¬ 
parently, to establish a definite criterion of technique. There, tuidoubtedlj% have 
been other eases operated in somewhat this manner but they have not been re¬ 
ported in the literature at this time. No attempt has been made to champion one 
technique or the other. 

I have used the left-sided approach in all cases of esophageal resection so 
have had no experience with the right-sided approach. It is my feeling that the 
technique presented in this article is more feasible from many angles. The first 
thing is, it is done in one procedure; .second, ample room is given at the site of 
anastomosis; third, it seems the anatomy is better adapted to the left approach. 

It is somewhat questionable in my mind, whether it is necessary to remove 
the clavicle and first rib, as it seems quite probable there is sufficient space to 
bring the stomach posterior to the subcla^^an vessels instead of anterior. How¬ 
ever, at the time I performed this operation, I felt that this might possibly 
produce mechanical obstruction from surrounding structures. 
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THE DIFFERENTIAL DIAGNOSIS OP UNRESOLVED PNEUMONIA 
AND BRONCHIOGENIC CARCINOMA BY PULMONARY ANGIOGRAPHY 

Philip G. KKUi, M.D., akd Donald J. Schissel, MD. 

Des IMoines, Iowa 

INTRODUCTION 

U NRESOLVED pneumonia ma}' simulate bronchial carcinoma clinically and 
roentgenographically. Differentiation of these conditions may be difficult 
or impossible by the diagnostic aids now commonly used. Delayed resolution 
of a pulmonaiy parenchymal lesion should sugge.st a pathologic process of more 
serious nature than that of simple pneumonia. Physical findings, clinical coui’se, 
temperature, leucocj’te and sedimentation cur\'es, and immediate response to 
therapy may be veiy similar in carcinoma and pneumonia. Bronchography, 
bronchoscopy, and cytologic studies are of great diagnostic value but are at 
times inconclusive in the diagnosis of bronchial carcinoma. The difference in 
the nature of the pathologic process and the difficulty in diagnosis by the usual 
means prompted us to study the vascular pattern of the lungs in search of a 
diagnostic adjuvant. Pulmonaiy angiography affords a means for conducting 
such a study in the living patient. 

Since the original work on contrast visualization by Forssmann* and Moniz® 
and the detailed studies of pulmonai'j’^ arteriography by Robb and Steinberg.®’ * 
little has been ^v^itten about angiocardiography in pathologic states of the pul- 
monarj’’ parenchyma. Most discussions deal with the differentiation of medias¬ 
tinal tumors, and some investigators®’ *• ® have described recognizable defects in 
the pubnonars’ trunks in bronchial carcinoma. We® have previously reported 
decreased vascularity of lung parenchyma udthin and distal to primary car¬ 
cinoma. We are not aware of any report which deals with the changes in the 
vascular pattern in pneumonia. 


CLINICAL material 

The study group comprised twenty-six patients with priraarj'^ bronchial car¬ 
cinoma and thirty-five patients with resolving or unresolved pneumonia. The 
diagnosis was establi.shed histologically in the eases of carcinoma and clinically 
in the pneumonia (that is, ultimate complete resolution of the inflammatory 
process and restoration of the indi\dduals’ previous state of health). 


technique 


For pulmonary arteriography the patient is seated before a radiographic 
screen which holds 14 by 17 inch cassettes. A specially constructed leaded 
tunnel device, manually operated, is used to permit exposures every two sec¬ 
onds, ordinarily for a total of four exposures. Fifty c.c. of 70 per cent Diodrast 
are injected into an anteeubital vein through a No. 13 needle in an average 


From the A'’eterans Administration Hospital. Department of Internal Medicine. 
Sponsored by the Veterans Administration with the approval of the Chief Medical Director. 
Statements and conclusions published by the authors are a result of their own study and do 
not necessarily reflect the opinion or policy of the Veterans Administration. 

Received for publication SepL 9. 1949. 


02 



KKIL, AS‘n SCIIIKSKL: UIA0X63IS lIY ruLJlONAltY AJcalCKlRArHY* 63 

time of one nnd onc-hnlf sceonds. The injection is done ])crcutnnconsl.v. Tim¬ 
ing is started M'hcn So to 40 c.c. have been injected. All films are taken at 
six feet, nnd the c.x])Osui'C factor is an additional 10 kr. over that for the ordinary 
six-foot film. 

The right heart nnd pulmonary arterial tree arc well outlined on the two- 
second film. Pulmonary veins and left atrium arc visunlixcd on tlie four- and 
six-seeond films. Tlic left ventriele nnd outllow trnet me outlined on the eight- 
second film. 

nsmxns 

The i)ulmonnry arterial pattern of normal lungs is ordinarily quite oom- 
pnrnhlo on the two sides nnd there is a relative cons-tnney of distribution 
throughout both lung fields (Fig. ]). The size nnd number of the arteries, 
when comparing the two lungs of the same individual, are much the same in 
the inner, middle, nnd outer lung zones (that is, secondniy, tertiary, nnd smaller 
radicles), though the image is far from idcnlicid. The left pulmonmy artery 
ordinarily eourses higher than the right nnd curves quickly downwairi nnd 
bnckwnnl, whereas the right trunk runs horizontally and varies considerably in 
length before dividing into ui)por nnd lower branches. 



Flp:. 1.—Normal pulmonar)’ artcrioCTtim Btiowlnp Ihc laccollent contract on tho two- 
■econd film folIo\\iniT tho injection of BO c.c. of Dlwlraat Into nn an'ecubltal vein. Tho 
»lio, number, nnd distribution of the nrterlal radlclea nro quite comparable on the tw“o sides. 


Decreased vnaeulmity of the pulmonarj' parenchyma was found in twenty- 
four of our twenty-six cases (92 per cent) of bronchial carcinoma (Figs. 2 and 
3). Of the two eases in which this finding was not apparent, one had diffuse 
IjTnphangitic spread of neoplasm throughout the entire lung, and the other 
had extensive tracheal nnd bilateral bronchial involvement without extrinsic 
eridence of neoplasm. 

In resolving and unresolved pneumonia thera is a relative increase in the 
vascularity of the involved portion of lung when compared with iminvolved 
segments. In tlie late stages of i-esolution and after resolution is complete this 
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Fig. 2. Fig. 3. 

Figs. 2 and 3.—This patient, a 50-year-old white man, complained of chronic cough 
for many years and frequent upper respiratory Infections for weeks prior to admission. 
The cough changed and became more productive and there was associated blood streaking. 
He had a low-grade fever, slight anemia, leucocytosls, and Increased sedimentation rate. The 
arteriogram was done seven days after admission. Bronchoscoplc diagnosis was asthmatic 
tracheobronchitis. Bronchial washings were positive for carcinoma. Pneumonectomy was done 
subsequently, and the final diagnosis was carcinoma, epidermoid, moderately well differenti¬ 
ated, right upper lobe bronchus. 

Fig. 2, Bronchial carcinoma, plain film, interpreted originally as revolving pneumonia. 

Fig. 3, Arteriogram, same patient as Fig. 2, showing decreased vascularity of the entire 
right upper lobe. 



Fig. 4 . Fig. 6. 

Figs. 4 and 5.—This 51-year-old white man entered the hospital complaining of left 
chest pain, fever, weight loss, and anorexia and gave the history of repeated episode of 
pleurisy and pneumonia Involving the left lung. He had a productive cough, low-grade fever, 
moderate leucocytosls, and an elevated sedimentation rate. Pulmonary arteriography was done 
seven days after admission. The lesion subsided completely after several weeks hospitali¬ 
zation. 

Fig. 4, Plain film, unresolved pneumonia, left mid-lung field. 

Fig. 5, Arteriogram showing relative increase in vascularity of the left mid-lung field. 
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reinlivo iiicrcnsc in vnsculnrity is no lonper present. Tlie inorenso involves the 
sccondnri,- nml les.scr nrterinl I'ucliclcs Ijotli in rcgiinl to .sire and nuniher. (Pigs. 
4 and 5.) Twenty-six of tlie Ihirty-fivc cases showed lulntivc increase in tlic 
vascularity of the segment of pneumonic lung ns compared with the opposite 
lung. The remainder .showed normal vascularity. (Jfo.sl of these were done 
during the (liiiil stage of resolution.) 

No case of pneumonia has shomi dccrensoil vnsculnrity of the involveel por¬ 
tion of lung. 

DDSCIISHION 

The exiilnnntiou of the vusciilnr changes found is hased on the fundamental 
differences of the pathologic proee.ssos. Numerous tc.xtiiooks of pathology' men¬ 
tion increased vnsculnrity evident to the naked c.ve in siieciinens of lung show¬ 
ing resolving pneumonia. The hyperemia involves predominantly the .smaller 
vessels, and compensatorj- dilatation is present in the larger ve.sscls supplying 
the inflamed portion of lung. Anderson' described the proce.ss of resolution: 
‘A)'hen mast of the e.xudnte has been absorbed but before re-expansion has oc¬ 
curred, the appenranec is simply that of atelectasis and hyperemia with more or 
less edema.” The presence of atelectasis within the area, by increasing the 
density to the roentgen ni.v. may .scitc to accentimto the presence of relative 
increa.se in vascularity on tlie angiogram. Karsner’ stated that after complete 
resolution, hyperemia lasts for “over a few weeks.” 

The factors which produce the picture of dccrejised vascularity within and 
distal to earciuoma, in our opinion, arc; (1) compi'ossion and olistmction of 
arterial radicles by expanding and infiltrating neoplasm; (2) compensatory 
cmplij’sema duo to partial bronchial olistruction; (3) nccro.sis of lung tis.sue.“ 

SOMIIAKY 

AVo have found pulmonary artcriogiaphy useful in tlie differentiation of 
unresolved pneumonia and bronchial carcinoma. 

Increased or normal va.scularit.v of the involved segment of lung is a 
ehamctcristic finding in unre-solved pneumonia, while decreased vnsculnrit.v 
within and distal to the carcinoma is a verj- frequent finding (92 per cent of 
our series). 

Acknovlfdi/tnmt .—Wo are Indebted to l)r. Dnniel J. GlomBet, Chief of the Medical 
Bervlce, and Dr. Unlph A. Domer, Attending Thoracic Surfjeon, for helpful ndrice. 
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EXCISIONAL SURGERY IN PULMONARY COCOIDIOIDOMYCOSIS 

Derjiont W. Meuck, M.D. 

Phoenix, Akiz. 

INTRODUCTION 

T he following is a report representing an attempt to tabulate the known 
cases of pulmonaiy coccidioidomycosis treated by excisional surgeiy. 
Inquiries were sent out to all members of The American Association for 
Thoracic Surgery, as well as other individuals who might have occasion to 
carry out excisional surgeiy in tliis disease. Replies were received from 224 
individuals. Geographically this represented 37 states in the United States, 
9 different localities in Canada, as well as single replies from Hawaii and 
Sweden. There were 8 surgeons in California who reported, 4 surgeons in 
New York, 3 surgeons in Massachusetts, 3 surgeons in Arizona, and 2 surgeons 
in each of the follo-wing states.- Missouii, Louisiana, North Carolina, Wash¬ 
ington, D. C., Texas, and Wisconsin. In each of the following localities 1 
surgeon reported: West Virginia, Miimesota, Utah, Colorado, Virgniia, Ten¬ 
nessee, and Hawaii. 

TABULATION OP INDIVIDUAL REPORTS 

Greer, Forsee, Grow, and ^lahon reported 9 lobectomies, and local excision 
in 4 others. The indications were persistent cavitation, recurrent hemorrhage, 
exclusion of neoplastic disease, and spontaneous pneumothorax, vith failure of 
the lung to re-expand. 

B. Cotton reported 5 pneumonectomies, 5 lobectomies, and 3 segmental 
resections. The indications were caidtation. There ivere no complications. 

W. L. Rogers reported 8 cases. In 3, lobectomy was performed, and in the 
other 5 eases either a combination of enucleation of caidty or local excision 
was carried out. The indications were not stated. The complications were not 
stated. 

D. W. Melick reported 1 pneumonectomy, 3 lobectomies, 2 enucleations, 
and in 2, local excision. The indications were persistent cavitation, recurrent 
hemorx’hage, suspicion of neoplasm, and persistent bronchopleural fistula fol- 
loxving spontaneous pneumothorax. Following lobectomy one patient de¬ 
veloped a bronchopleural fistula, complicated by empyema. It was necessary 
to perform a thoracotomy, followed by thoracoplasty in order to effect a cure. 

J. C. Jones reported 5 lobectomies. The indications were persistent cap¬ 
tation, hemoptysis, and tension cavity. An empyema followed 1 lobectomy 
performed by the tourniquet technique. The empyema eventually cleared, and 
the patient is well at this time. 

R. R. Shaw reported 1 lobectomy and 3 segmental resections. The indica¬ 
tions were persistent cavitation and granuloma. Dr. Shaw described his cases 
of cavitation as often representing residual cyst due to epithelization of pre¬ 
vious coccidioidal caidty. There were no complications. 

BecolVP.d for publication Sept 27, 1949. 
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P. B. Berrj' re])ortcd 4 lolicctomis. lie fniled to pjvo his indicnlions for 
surgery. Following lohcetoiny ho reports a spread of the disease which was 
controlled by thorncoplnst.v. 

O. T. Clnggott reported 1 pncumoncctoiny, I lohcctoniy, and 1 local ex¬ 
cision. The indications were pnlmonnrj' lesions of indeterminate etiology 
which had not responded to consciwatire niensuros. There were no oompliea- 
tions. 

T. B. Wiper reported 2 loheetoniics and 1 segmental resection. The in¬ 
dication was eamtation. There were no eoiiiplientions. 

T. IT. Bnrford and E. A. Graham reported 2 lohcctomies. The indication 
was captation. A com])liention in 1 ease was empyema. 

P. P. Coleman re|)orted 2 lobectomies. The indication was captation. 
There were no complications. 

G. V. Brindlc.Y, Jr., reported 2 lohcctomies. The indications were not 
stated. There were no complications. 

J. D. llurphy reported 2 lobectomies. The indication was camtation. A 
complication in one was recavitation in the lower lobe on the side of upper 
lobectomy. A thoracoplasty fniled to close the ea-eity. An Elocsser cavemos- 
tomy was performed, and smears from the cavity revealed acid-fast bacilli as 
well ns coccidioidal spherules. 

W. Weisel reported 2 lobectoniic.s. The indication was hemoptysis. There 
wore no complications. 

J. Weinberg reported 1 pneumonectomy and 1 lobectomy. The indica¬ 
tions were bronchopleural fistula and empyema in 1 case, and cavitation in the 
second case. At the time he performed the pneumonectomy, a pleural de¬ 
cortication was included. 

H. Randolph reported 1 lobectomy and 1 pneumonectomy. The indica¬ 
tions were cavitation and suspicion of carcinoma. There were no complica¬ 
tions in the cavity case. The second patient died in the immediate postoper¬ 
ative period. 

llax Chamberlain reported 1 lobectomy. The indication was anspicion of 
neoplasm. There were no complicatioim. 

J. B. Amberson reported 1 lobectomy. The indication was cavitation. 
There were no complications. 

D. J. Dugan and P. C. Samson repoi-tcd 1 lobectomy. The indications were 
ca\’itRtion and hemorrhage. There were no complications. 

Krapin and Lovelock reported 1 lobectomy. The indications were cavita¬ 
tion and recurrent hemoiThage. A complication was recurrence of cavity in 
the lower lobe, eventually closed by thoracoplasty. 

A. Ochsner reported 1 lobectomy. The indication was caAdtation. There 
were no complications. 

P. Raine reported 1 local excision. The indication Avas caAdtation. There 
were no complications. 

D. E. Harken reported 1 ease. He does not state his indication or com¬ 
plications. He docs state that a decortication for hemothorax avos included 
simultaneously Avdth the local excision of the coccidioidal lesion. 
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R. H. Sweet reported 1 lobectomy. The indication was cavitation. There 
were no complications. 

R. A. Daniels, Jr., reported 1 lobectomy. The indications were cavitation, 
productive congh, and hemoptysis. There were no complications. 

W. R. Rnmel reported 1 lobectomy. The indication was cavitation. There 
were no complications. 

Brian Blades reported 1 lobectomy. The indications were cavitation and 
hemoptysis. There were no complications. 

L. Miscall reported 1 lobectomy. The indication was cavitation. There 
were no immediate complications, bnt two months following surgery, new 
cavities were present in the upper lobe on the ojiposite side to resection, and 
also cavitation in the lower lobe on the side of resection. 

P. Sanger reported 1 segmental resection. The indication was cavitation. 
There were no complications. 

H. E. Johnson reported 1 lobectomy. The indication was cavitation. 
There were no complications. 

J. P. Lynch reported 1 lolieetomy. The indications were cavitation and 
hemoptysis. There were no complications. 

R. Ross reported 1 loheetomy. The indication was a round, solid lesion 
suspicious for carcinoma. There were no complications. 

W. White, Jr., reported 1 segmental resection. He stated the diagnosis 
was not certain, however, although the microscopic appearance was consistent 
\vith a diagnosis of coccidioidomycosis. 

J. W. Stacey reported 1 local excision. The indication was a round, solid 
lesion suspicious of carcinoma. There were no complications. 

F. X. Byron reported 1 lobectomy. The indications were cavitation and 
hemorrhage. There were no complications. 

E. D. Churchill reported 1 lobectomy. The indication was consolidation 
of the left upper lobe. There were no immediate postoperative complications 
but the patient died some weeks later of the disease. This loheetomy was car¬ 
ried out by the tourniquet method because of hilar adenopathy and inability 
to do an adequate individual ligation. 

P. W. Gebauer reported 1 lobectomy. The indications were cavity and 
hemoptysis. There were no complications. 

E. W. Davis reported 1 segmental resection. The indication was a sol¬ 
itary nodule suspicioned to be neoplastic. There were no complications. 

E. Holman reported 1 lobectomy. The indication was cavitation. A com¬ 
plication was a bronehopleui'al fistula which followed the lobectomy. This 
resulted in empyema and necessitated a thoracoplasy from which the patient 
recovered and is now considered cured. 

DISCUSSION 

In addition to the exeisional surgeiy, decortications were reported for 
coccidioidomycotie empyema or spontaneous pneumothorax resulting in fail¬ 
ure of the lung to re-expand. Holman reported 1, Greer, Poi-see, Grow, and Ma- 
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lion reported 4, Harken reported ], AVcinbcrji reported 1, Cotton reported 2, 
and Jfelick rcporteil one. 

In at least G inatanecs the surKeona rcportiiifr from the Eastern and North¬ 
ern states recorded the fact that the patient contracted the fiinpns disease in 
the Southwest. No partieular attempt was made to determine the mortality 
rate. There were, however, :l deaths reported, 1 hy Kandolph, I h.v Ifarper, 
and J hy Churchill. 

COMMKNTM OF mi'FWIKNT I.SniVIDUAIA; I.N KKOAIW TO RUnmCAI, THERAPY 

Dr. Du\'id T. Smith of Duke Hnivcrsit.v stated as follows: “It is my im¬ 
pression from seciiifT material at the Fitz.simmons Hospital in Denver that the 
minimum amount of surgery whieh removes a cavity is adequate. In some 
ea.sca this has Iiecn segmental resection, but in most instances it has been lobec¬ 
tomy. Pneumonectomy only is needed if the disease Ls e.Ytensive and e.xtcnded 
over two or more lobes.” 

F. J. Phillips had this to say: “From what I know of this disease I be¬ 
lieve I would not hesitate to do a resection if there were an isoiated iesion that 
had run a protracted coui'se and there were no other contraindications.” 

Dr. Felix Hughes, Jlcmphis, Tcnn., said: “jVs far ns coccidioidomycosis 
is concerned, it seems to me I recall that c.xcisional surgery is not tolerated 
well.” 

Dr. David Creighton of New Hoohellc, N. Y., said; “The problem of sur¬ 
gical procedure in coccidioidal cavitation is still a moot one. Its solution de¬ 
pends on an adequate follow-uii study of present methods. Until such a study 
is available it is my feeling that exci.sional surgery, that is to say lobectomy, 
sufHcc.s. When more than one lobe is removed, however, adjunctive thoraco- 
plast.v will prevent the po.ssiblc reactivation of invisible granulomatous foci by 
undue stretching of the remaining lung tissue. However, the use of thoraco¬ 
plasty, prcnously a very tenable procedure, would be o])cn to censure, in Hew 
of the recent mention of Dr. Smith in regards to cavity epithelization in coc¬ 
cidioidomycosis. ’ ’ 

Dr. C. E. .Smith of San Francisco, the Stanford University School of Jledi- 
cine, stated: “As for the recurrence of camties after thoracotomy and resec¬ 
tion, in mew of the apparent remoteness of that complication, it will require 
time to decide whether or not thoracoplasty should be performed soon after 
resection. One wonders if thoracoplasty might be reserved for the corapUea- 
tion rather than carrj' it out ns a prophylaxis against such a complication. 
My' oivn position is that I do not believe in any intervention unless there are 
symptoms, and specific reasons are present. Most cavities close if left alone, 
and most cavities which do not close ai'c asymptomatic. If incapacitating 
symptoms are preseTit, however, then I would certainly use thoracotomy if 
phrenic crush failed to cure the patient.” 

Dr. Plimpton Gnptill, Rochester, N. T., said: “It is my feeling that sur¬ 
gery is not particularly ajipropriate in the cavitation of this disease. I be¬ 
lieve they should have a long iieriod of conservative treatment and tliat a de¬ 
crease in the expansion of the lung by phrenic nerv'e is a safe procedure.” 
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Dr. ^Y. L. Rogers of San Francisco wrote: "We have used three types of 
resection: (1) Lobectomy, where considerable parenchymal infiltrate is pres¬ 
ent; (2) segmental resection; (3) enucleation or excision of the cavity itself, 
not attempting any repair of the parenehyma after it is excised.” 

Dr. David J. Dugan of San Francisco said this: "I feel it is safe to as¬ 
sume that, as far as resection in coccidioidomycosis is concerned, particularly 
■with cavitation, exeisional surgery is only indicated in the presence of pul¬ 
monary hemorrhage.” 

Dr. F. X. Byron, Los Angeles, stated: “From my knowledge of the dis¬ 
ease in general, it would seem to me that segmental lobectomy should not be 
undertaken because of the possibility of travemiig infective lung tissue, and, 
as you know, coccidioidomycotie emp 3 mmas are notoriously difficult to handle. 
Lobectomy, however, appeal’s to be entirely feasible in most cases. ” 

Dr. Laurence Miscall, New York, says this: "I am convinced that in this 
disease one must be careful of the possible presence of disseminated foci. I 
know of no other way to reach a positive conclusion in regards to these foci 
than by taking postero-anterior and both lateral tomographic series. ’ ’ 

Dr. Robert Shaw of Dallas, Texas, stated: "At present it is my opinion 
that granulomas caused by coccidioidal infection should be removed by ex¬ 
cision. I also believe that residual cysts from this infection are best treated 
by excision. From the experience of others I have gained the impression that 
pneumothorax therapy or paralysis of the diaphragm ■will not bring about 
closure of these defects. We have found them to be epithelized in the eases in 
which we have removed the cysts, so that is readilj^ understandable why these 
cysts ■will not heal with collapse. ’ ’ 

Dr. John C. Jones of Los Angeles said: “It is my feeling that the in¬ 
cidence of complications in lobectomy at the present time is so low, and the 
mortality is so low, that certainly a persistent long-standing granulomatous 
cavity is an indication for a resection, and I believe that will probably be more 
or less accepted in the not too distant future. ’ ’ 

Dr. Fred Harper of Denver had this to say: "I believe that only the very 
pereistent ca'nties would be suitable for lobectomjL ’ ’ 

Di-. Thomas Burford, St. Louis, ■wi’ote: “Fi’om what I can learn from my 
colleagues, I believe it is the general feeling that carefully done exeisional 
surgery is the treatment of choice in the old, long-standing eases ■with re¬ 
calcitrant ea^^dties. A prime requisite of successful surgeiy is a ■ivide excision 
of the disease-bearing area. For myself I would never do a segmental lobec¬ 
tomy i n this disease. ’ ’ 

Dr. W. A. Winn of Springville, Calif., said: “I am inclined to believe that 
surgeons are somewhat overdoing resection for this disease. Perhaps the in¬ 
dications for resection have to be more sharply defined. The existence of 
ca-ntation per se should not mean pulmonary resection, but under certain cir¬ 
cumstances surgical removal does become necessary.” 
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CONCLUSION 

Escisionnl surgery lins been enrried out in 98 instniiccs for pulmonnry 
coccidioidomyeasLs. The indications are persistent cavitation, recurrent licm- 
orrhnge, productive cough, .suspicioii of neoplnsni, granuloma, failure of the 
lung to re-expand following Kponlancous pneumothorax, indeterminate lesions 
failing to respond to consen*otivc monsures. and residual c'*stH due to epitheli- 
zntion of p^e^^ous coccidioidal cavity. 

The complications have been few, but those recorded were empyema, 
bronchopleural fistula, and rocavitation in the remaining portion of the lung. 
Three deaths following excisionnl surgerj* arc rcporte<l. 

ADDKNDUII 

Addltlonnl reports have lirouj'ht tlic total number of of ojccIiiionQl fiirgery in pul¬ 

monary coceldloidomyo^lfi to onf hundred nine. An inMitinnnl loWtomy plufl a mi'c of lo- 
cnl excision aliould l>o credited to Oreer, Poniec, Grow, nml Malion, Alw, Dr. Pert Cotton 
should be credited >vith an additional C pnounioacctoniiei*, plus 4 in which local excision 
of the cavity waa cnrrietl out. Dr. Cotton has tliii«, la addition, to say in regard to flurgory 
in this dUewe: “As far nn nmctlvatioa In co<*cidloidofn\To^is 1^ conceme<l, I have never seen 
thin occur, and this includ<*5 an experience with over 500 cases I have rcvlewctl. I feel it will 
never Ik* neceawiry to do a pOMtopemtive tliorocopbmty to prevent reaclivation. I have never 
seen this dbeaac, when lu the chronic phase, spread in the manner of tuberculosis. Dr. Byron 
mentioned liow dltdouK it was to hondio empyenm from roeciiHoi<lotu\‘CO.‘<ia. I might atate 
that in 4 decortications the aurgorj* mia pcrfomic*! in the j)re^nco of pumJent material, and 
this purulent material \nw fille<l witli aphcnilo»« of coccidioidomycosis. These 4 decortica¬ 
tions wore nccompHshe<l, and tlio jKrstoperative course of the patients rnis cliartictorized by 
freedom from complication. One discussant menlloned that excisionnl surgery is only in¬ 
dicated in the presence of pulnionnrj* hemorrlmge. In several cases I have found secondary 
suppurative infection in the mvltics, and this Is considereil nn indication for pulmonnry re¬ 
section. As far as segtoentnl foci an' concerned, in every case upon which I have operated 
for cavitation, ninny small foci were palpated in the adjacent lung, liut were completely dis¬ 
regarded as being unimportant ns to reactivation. I would also like to take exception with 
Dr. C. E. fimitli’s statement that most envities close if left alone. If ho is speaking of the 
acute cavity, then ho is correct; howcwr. If ho is talking of the chronic cavity which persists 
after the acute infection has disappeared, thco he is speaking of the cavities which we are 
trjing to eliminatn with collapse therapy and resection, and they do not close spontaneouflly. 
The statement that most aivitles that do not close arc asymptomatic \vo have found to be in¬ 
correct." 



CYSTIC ACCESSORY LOBE 

Report of a Case 

Leox J. Leahy, M.D., axd James D. MacCallum, M.D. 

Buffalo, N. Y. 

A RE CENT patient Yotli cystic disease of the lung presented a t^q^e of this 
condition which was unique in our experience. After re^'iewing the 
literature and discussing the condition A\dth several other thoracic surgeons, 
it would appear that this variety justifies tlie following case report. 

J. C., a white man, 36 years of age, occupation, laborer, was admitted to the 
Buffalo General Hospital on Nov. 19, 1948. Chief complaint was of pain in the left 
lower chest of about two weeks’ duration. The onset of pain occurred while he was 
carrj-ing a heavy weight. It first appeared in the left shoulder and five days later 
the pain recurred in the left lower chest. This was not severe and only slightly ag¬ 
gravated on deep inspiration. On inquiry, a history of an unproductive cough of six 
months’ duration waS' elicited. Functional inquirj" and laboratory examinations were 
negative. 

Physical examination showed a rather asthenic man, 6 feet 6 inches tall, not 
acutely ill. The only positive physical findings were in the left chest in which area 
flatness to percussion and absent breath sounds were present in the lower third. 

He was referred to the hospital because it was felt he was suffering from spon¬ 
taneous pneumothorax following x-ray films made elsewhere. Bronchoscopic examina¬ 
tion revealed a normal tracheobronchial tree. 

X-ray studies of the chest, fluoroscopically and radiologically, revealed a huge intra- 
pulmonary cystic structure in the left chest. The cyst wall touched the anterior pleura 
and very closely approximated the diaphragm, which was elevated. It was in contact with 
the left lateral chest. There was a considerable amount of fluid in the left pleural space. 
However, none could be demonstrated within the cyst. The heart was deviated to the 
right. It was difiicult to localize which portion of the lung contained the cyst and in 
positioning the patient to determine this fact, it was found that the location of both pleural 
fluid and the air-filled cyst seemed to move about with great freedom. This phenomenon 
aroused our curiosity and we were somewhat at a loss to explain the mechanism through 
which it occurred. 

Final x-raj' and clinical diagnosis of pulmonary cj'st in the lower portion of the 
left upper lobe with a bronchial communication and associated with a pleural effusion 
was arrived at. Lobectomy was decided upon. 

Operation .—On Nov. 23, 1948, a thoracotomy was done under intratracheal anesthesia, 
with resection of the sixth rib on the left side. There was a moderate amount of cloudy 
fluid in the pleural cavity. This was estimated at 300 c.c., cultured, and proved to be 
sterile. There was no evidence of tuberculosis. The lower lobe was markedly collapsed, 
being practically airless, and the upper lobe showed a lesser degree of atelectasis. The 
striking finding of a large cyst bulging through the wound after the pleura was opened 
■was encountered. This was thin walled, filled with air, and the size of a fetal head. It 
could be moved about ■U'ith great freedom and on inspection of the pleural cavity, it was 
found to originate from the pulmonary ligament, completely below the left lower lobe, and 
not attached to any other structures except the ligament. It was unilocular and there was 

From the Department of Surgerj- of the University of Buffalo School of Medicine and tlie 
Buffalo General Hospital. 
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found to bo n fairly fljnnll podiclo by which it vraa connoctcd witli tho mediantinunL It 
voiy clofloly rtwnibled a Inrjjc ovarian cvftt, attached to tlio broad llpninent by a narrow 
stalk at tho bnsc. When poxitlvc pressure wna applied by the nno«fhotlflt, tlio shape or 
tension of the cyst was not afTeeted. This was In spito of the fact that there was a small, 
jjoose-qulll like bronchus enterinp it. It Avas a very siniplo matter to npply two clamps, 
remove the cyst, and lipite the pedicle. Pollowinf; the removal of tho cyst, both lobes 
expanded fully under positive pressure, and the chest wnll was close<l. 



Rip. 1.—THic cj’st Is In tlie lower flold. Tho atelectatic lower lobe lies deep In the cheat 
Above It the normal upper lobe Is »e«n- 

Tho patient's postoperative courw was entirely beni^ nnd he was discharged on Dec. 
2, 1P48, without chest fluid and the Inng folly cxjmndcd. Follow-up fllm taken ifarch, 1940, 
revealed no abnormalities. 

TaihoJogy JRrport.—The pathologic report* Avas of a pcar-flhapc<l cj*8t with a very thin 
wall, measurements 13 by 10 cm., filled with nlr. A few c.c. of bloody fluid shone througli the 
wall. Tho cyst in a fixed state contained nlwut 20 c.c. of hemorrhagic fluid hut otherwise onlj* 
air. It could Ijo prol)ed througli a cliannelliko structure which appeared compressed in semi¬ 
lunar fashion and apparently contained cartilage in the ^vnlL The hilar portion for a distance 
of about 2.5 cm. consisted largely of lungllke tissue and tlio c^Titic channel about 1 cm. in 
diameter leading to the large cyst. 


’By Dr. Komel Terplan. 
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Microscopic sections through the cyst showed a considerably hyalinized wall and in 
numerous areas a well-preserved epithelial lining consisting of cuboidal and low columnar 
forms. There was no cartilage, nor were there any mucous glands in the wall. The pleural 
part was considerably thickened and moderately infiltrated by Ij^mphoid cells. Sections 
through the hilar portion showed a lobular lung pattern with distended alveolar spaces most 
of which showed an epithelial lining similar to the largo cj'st. Throughout the septa there 
was an accumulation of lymphoid cells and scattered eosinophils. Within the alveolar 
spaces was recent blood. Part of the stroma within the hilum was markedly edematous. 

Conclusion .—The entire structure was actually an additional anlage of a pulmonary lobe 
with huge cystic distention of one or more original alveolar or bronchiolar spaces. 



Fig. 2.—Surgical specimen. 


DISCUSSION 

Accessory lobes have been recognized since 16S7, but in 1925, Koontz^ was 
able to collect only 108 cases. Since that time at least several hundred more have 
been added, so that the condition is now weU recognized. Freedlander and 
Gebauer^ suggested that this anomaly occurs when tracheal buds push into the 
mesenchyme and become partially isolated. In some cases the commmiication 
tvith the tracheobronchial tree remains so that an accessorj’^ lobe is produced in 
contradistinction to the aberrant lobe in which there is no communication. 

Cystic change in an accessory lobe Avas found by Koontz' in four cases. Ty¬ 
son,® Anzola-CariUo,-* and Santy, Berard, and Galy® have reported cases in Avhich 
fluid contents were present in the cyst. The presence of a pedicle Avas uncommon. 
Kleine® described a post-mortem specimen in Avhich a thin-Avalled air-filled cyst 
was connected to the medial portion of the left upper lobe by a pedicle. The 
development of cystic change is not Avell understood although bronchial obstruc¬ 
tion due to stenosis, retained secretions, or valvular formation due to faulty 
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Fig. 4.—HOar portion of tho cyst. 
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canalization has been suggested. If sucli obstnietion occurs in a higher order 
bronchus or bronchiole distal to mucous glands, it would be air-tilled as in the 
ease presented. 

Clinically, Santy, Berard, and Galy," feel that it is difficult to make a clini¬ 
cal diagnosis of cysts of the pulmonary pedicle. Alterations of positions will 
cause pain, clicks, and vasomotor disturbances, due to the pull of the cyst. This 
was not present in our case quite possibly due to tlie fact that the cyst was air- 
fiUed and did not, tlierefore, exer-t much traction. These authors feel that all 
cysts having their origin in the region of the pulmonary pedicle arise from an 
accessory bronchial bud or from a supernumerarj^ lobe. They report four cases 
which fall in this group; in all of these the cysts contained fluid. These authors 
mention only two cases in the literature in wffiich air also was present in the cyst 
so that a fluid level was visible. 

A lesioir such as the one reported may be confused with a pneumothorax. 
Adequate x-ray studj' in various positions rvill indicate that the air is contained 
within a cystic w’all. In this instance free pleural fluid offered an additional 
means of differentiation. 

Surgical excision is the only satisfactory treatment. Removal of these lesions 
avoids the hazards of infection, the effects of continued growth, and the possi- 
bilit}’^ of malignant change. Theoretically at least, it is possible for cysts of this 
t.rqre to undergo torsion of the pedicle and subsequent necrosis. These cysts may 
be removed wdthout sacrifice of pulmonarj’’ tissue. , 

Addendum .—Since this article was submitted for publication tlie report of a some¬ 
what similar case has appeared in the literature: DeBakey, M., Arey, J. B., and Brunazzi, E.: 
Successful Removal of Lower Accessory Lung, J, Thoracic Surg. 19: 30f-312, 1950. 
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IfHABDOJIVOSAHCOJlA OF THE ESOPHAGUS 
Piin^if Thorek, JI.H.,* and Benjamin H. Nfxman, JI.D.t 
Chicago, III. 

R UABDOMYOSA1{CO•^^A u[ llie esojiliiigtiK is an c.’ctrcnicly rare lesion. Only 
3 cases could bo found in tlic world literature, and we are adding a fourth. 
As far a.s tve could determine, our case is the only rliabdomyo.sarcoina which was 
reseetod, the jiatient being alive and apparently well one year after Kiirgerj'. 

hemew or THE t-iTiauTuiiE 

After a very thorough .study of the world literature we were able to collect 
58 piovctl ea.scs of .sarcoma of the esophngn.s. Of this grouj) 30 were fibrosar- 
eoma.s, S were leiomyosarcomas, 5 were lymjdiosareomas, 5 were mclnnosarcomas, 
7 were unclassified .sarcomas, and only 3 were rlmbdomyosaieoinas (Table I). 

Chapman (1877)* described the first esophageal sarcoma. This lesion arose 
from the inferior eonstrielor muscle of the pbaiynx and the inlet of the esopha¬ 
gus. He stated that "it may be eonsidererl to belong to the comparatively inno¬ 
cent sarcomas, death having been produced rather from the accident of its situa¬ 
tion rather than from the violence of its conslitutional effects.” Starok (1900)’ 
collectctl 7 ca.scs of .sarcoma of the esophagus from the literature and added 2 of 
his own. Corner and Fairbank (190J)’ reported 14 cases of sarcoma of the 
csophagu.s. Hacker (1909)* eolloetcd 21 cases of e.sophagcal sarcoma, but later 
Hacker and lAJthcissen (192G)* stated that 38 cases had been described, but that 
in some of these the origin was doubtful. Goldstein (1921)° collected 21 cases of 
proved sarcomas. Fischer (1926)' found 60 reported cases, but Simon (1928)’ 
stated that there were only 30 objection-free cases in the liteiature. These state¬ 
ments need only to be read to appreciate the state of confusion which exists 
regarding the incidence of this condition. 

Sarcoma of the esophagus occurs more frequently in men and has been 
found in ages ranging from 4 to 70 years.** However, more sarcomas were seen 
in the early age group than were carcinomas. 

Hhabdomyosarcomas are found most frequently in the genitourinarj- sj'stcm, 
namely, the uterus, vagina, testis, bladder, and particularly in the kidney. The 
congenital lesions of this type of tumor are frequently found in the heart. These 
tumors have also been reported in the tongue, stomach, parotid gland, breast, 
prostate gland, and practically all the vohmtarj- muscles of the body.® The 
occurrence of rhabdomyosarcoma in the esophagus, however, is a rarity, such a 
lesion having liecn reported, ns stated previously, only 3 times before; our case 
is the fourth on record. 

The 3 cases pieWously described as rhabdomyosarcoma of the esophagus 
were recorded by 'Wolfensberger,*® Glinski,'* and Dvorak.*’ ’Wolfensberger 
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•Rrom the Departmenta of Surcerj*, Unlveraltj" of RllnoU, Cook County Graduate School 
of lledldne. Cook County Hospltfll, American and Alexlan BrutherH* Hoepltnla. 

tFrom the Department* of Pathology, American Hoepltal and Chicago Medical School. 
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Table I. Prim^vry Esophageal Sarcomas Reported ik the Literature 





NUMBER 

OF 





CASES 


AUTHOR 

DATE 

TYPE OP SARCOMA 


CLASSIFICATION 

E. Chapmani 

mS 

Spindle, round, and oval cells 

1 

Fibrosarcoma 

J. H. Targett^o 

B9i 

Spindle, round, and oval cells 

1 

Fibrosarcoma 

B. H. Steplian^T 

1890 

Sarcoma of lyTnpboc 3 'tic origin 

1 

Lymphosarcoma 

L. StaM-ss 

1891 

Round and oval cells 

1 

Fibrosarcoma 

H. D. Eollestonao 

1892- 

1893 

Round cell 

1 

Fibrosarcoma 

R. 'Wolfensbergerio 

1894 

Striated muscle cells 

1 

Rhabdomj-osarcoma 

A. Nottliaftao 


Spindle cell 

1 

Fibrosarcoma 

AlbrecRtsi 


Alveolar sarcoma 

1 

Fibrosarcoma 

C. Ogle32 

B HtBi 

Spindle cell 

1 

Fibrosarcoma 

L. E. Livmgood33 

1898 

Spindle cell 

1 

Fibrosarcoma 

G, B. Jamess-* 

1898 

Spindle cell 

1 

Fibrosarcoma 

H. Starck2 

1900 

Round, oval, and spindle cells 

1 

Fibrosarcoma 


Round, oval, and spindle cells 

1 

Fibrosarcoma 

A. Gastparis 

1900 

Large mixed cell: spindle and 

1 

Fibrosarcoma 


round cells 



T. Chibass 

1900 

Mixed cell 

1 

Sarcoma 




(unclassified) 

L. Huiamansss 

1901 

Round cell 

1 

Fibrosarcoma 

L. K. Glinskiii 

1902 

Mixed tumor with striated muscle 

1 

Rhabdomyosarcoma 

C. von Eickens-* 

1902 

Spindle and giant cells 


Fibrosarcoma 

"W. T. Howard, Jr.s’ 

1902 

Smooth muscle cell 


Leiomyosarcoma 

E. H. BauerrA 

1904 

Pigmented tumor cells 


Melanosarcoma 

Wegener^® 

Von Lange®® 

1904 

Round cells 

J 

Fibrosarcoma 

1904 

Spindle and large round cells 


Fibrosarcoma 

P. Prangenheim^o 

H. Joliat^i 

1906 

Spindle and giant cells 


Fibrosarcoma 

1907 

Pigmented tumor cells 


Melanosarcoma 

V. Hacker^ 

1908 

Spindle cells and smooth muscle 

1 

Leiomj'osarcoma 


cells 



K, Donatb-ti 

1908 

Spindle and giant cells 


Fibrosarcoma 

G. Hersheimer43 

1908 

Spindle cells 


Fbrosarcoma 

R. Borrmann-*-* 

1908 

Spindle and giant cells 

■■ 

Fibrosarcoma 

J. W. Reitb^s 

1909 

Giant ceU type 


Fbrosarcoma 


Giant cell type 


Fibrosarcoma 

Rieke-*® 

1909 

Spindle and giant cells 

1 

Fbrosarcoma 

Snoy^f 

1 1911 

Mixed cell 


Sarcoma 


^B^H 

(unclassified) 

E. BertholeG® 

1911 

Round cell of Ijunphocytic origin 


Lymphosarcoma 

Schmincke'*® 

1914 

Mixed cell 


Sarcoma 




(unclassified) 

C. Jackson®® 

1915 

Round cells 


Fbrosarcoma 

E. Banersi 

1916 

Smooth muscle cells 

^B^H 

Leiomyosarcoma 

M. Hofnian®2 

1920 

Pigmented spindle cells 

^B^l 

Melanosarcoma 

C. Jacksonss 

1925 

Round cells 

1 

Fibrosarcoma 


Lymphocytic origin 

1 

Lymphosarcoma 

V. Hacker and 

1926 

Round and spindle cells 

1 

Fibrosarcoma 

G. Lotheissen® 

M. Schwartz®' 

1926- 

1927 

Spindle cells 

1 

Fibrosarcoma 

Sarcoma 

J. Guisez®® 

1927 

Undifferentiated cells 

1 



(unclassified) 

A. M. Martin®® 

1928 

Lymphocytic origin 

1 

Lj^mpbosarcoma 

H. Matsuoka and 

H Hata®r 

1928 

Undifferentiated cells 

1 

Sarcoma 

(unclassified) 

E. Vossss 

1928 

Pigmented tumor cells 

1 

Melanosarcoma 

BL J. Dvorak's 

1931 

Striated muscle cells 

1 

iRhabdomyosarcoma 

R. Waldapfel®® 

1932 

Undifferentiated cells 

1 

Sarcoma 

(unclassified) 

T. B. Mallory®® 

T. C. Jaleski and 

1935 

1935 

Smooth muscle cells 

Pigmented tumor cells 

1 

1 

1 Leiomyosarcoma 
Melanosarcoma 

P. V. -Waldo®' 

C. Jaeksonos 

1935 

Ljunphocytic origin 

Round cells 

1 

1 

Lymphosarcoma 

Fibrosarcoma 



Spindle and round cells 

! 1 

Fibrosarcoma 
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Taiile I—Coxt'd 


AUTIIOri 

DATE 

■nTE or RA\RCOitA 

SOMBCn 

OF 

CARES 

CITED 

CliASSmCATIO.V 

F. K. ilonno nnd 

1937 

tjpindle and oval cells in 

1 

Lelomvosarcoraa 

n. F. BlrRO'^ 
li. n, Frcncli and 

19-11 

striated musclo 

Smooth muscle colls 

: 

Lfclomyosarcoma 

L, n. Gnrlnod^ 




L, 

1941 

UndifTereDtioted cells 

1 

Sarcoma 

A. E, Pennofrf* 

1942 


1 

(tinclossined) 

Ixjiomyosnrconin 

Cnpc No. A 301 of 

1949 


1 

Lolorayosarcomn 

Ihe Unlrrmty of 
Tcxiu*”'^ 




D. E. Clnrk®^ 

1949 

Connective tissue cells 

1 

Fibrosarcoma 

P. Thorok find 

1949 

Striated musclo cells 

1 

Rhabdomyosnrconui 

B. Noimnn 




Total 



5fl 



(1894)’° reported n ense of prininrj- rlinbdoniyosarconm of tlie lower third of the 
esophagus. Associated witlv tills lesion was n metastasis to n gland behind the 
cardiac end of the stomach. Microscopic studies revealed cross striations. He 
interpreted the cellular elcnicnts of this tiunor, other than the muscle present, as 
undifferentiated cmbrj'onal cclLs. Glinski (1904)” stntetl that the cells were 
tjmes which differentiate into entirely different tissue and therefore called tlic 
growth in his co.se a mixed tumor 3vith striated muscle. He was of the opinion 
that these tumors arise from undifTorentiated mascnehjTne which Itcconies dis¬ 
placed when the developmental changes occur in the ventral floor of the foregut, 
and that cross striations in the nuLsclc cells of these ttimors arc difficult to demon¬ 
strate and find. Dvorak’s” case wn.s found in the cervical region of the esopha¬ 
gus in 0 woman 27 years old. Although cross striations could not he demon¬ 
strated by him, this was believed to bo due to n failure of fi.xation of the fresh 
tumor tissue in n proper solution. Ho believed, however, that the embrj'onal 
cells which ho demonstrated were differentiating into striated muscle of the 
vohmtarj" type. 

The tumor in our case, which shall be described sultsequcntly, was examined 
microscopically by one of us (B. N.), and also by the Army Institute of Pathol- 
ogj-. Both agreed that “this lesion is undoubtedly a myosarcoma, and that the 
moat likely possibility is a rhabdomyosarcoma.’’ It has been coded in the Army 
lustitute of Pathologj' as a rhniklomyasnrcomn. 

PATHOLOOY 

Sarcoma of the esophagus is found most frequently in the lower part of the 
thoracic esophagus, and Like carcinoma selects the three esophageal constrictions 
as the imints of predilection. The lesion may be quite small as in Dvorak’s” 
case, or may bo very large as in the eases reported by Gastpar” and Bauer.” 

Esophageal sarcomas have been classified by Ewing' into the follo3ving two 
groups'; ulcerative giwvths aud polypoid growths. Kaufman,” Hacker and 
Lothoisson,' and Fischer' preferred to group these lesions as: (1) the more cir- 
cunuscribed tjqxi, and (2) the diffuse infiltrating type. 
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Sarcoma, especiall}^ of the circumscribed polypoid variety, usually arises 
from the anterior wall of the esophagus and from its submucosa.’" 

Spindle-cell sarcomas of the polypoid variety grow slowlj’’ and produce only 
little tissue destruction. The infiltrating and ulcerating round-cell type grow 
rapidlj'’ and may obstiaict the lumen. Tiiis type may ulcerate and produce 
hemorrhage, necrosis, and/or perforation. 

Metastases occur more frequently in the diffuse infiltrating tjqie of round¬ 
cell sarcoma (ulcerative type). On the other hand, in the spindle-cell sarcomas 
(poljTDoid type) metastases are usually lacking. 

Carcinosarcoma is a difficult lesion to comprehend and undei-stand. How¬ 
ever, such cases have been reported by Herzog,’" Saltykow,’" Socin,’» Pratt and 
Lockyer,-" and Sokolov.^’ These lesions, as suggested by Ewing," are probably 
undifferentiated carcinomas with a very reactive stroma and consequently are 
not included in this review. 

On July 28, 1948, two pieces of tissue were submitted to surgical pathology. 
The larger piece measured 4 liy 2 by 2 mm. and the smaller 1 mm. in diameter. 
On microscopic examination, the larger piece showed esophageal mucosa with 
some inflammatory reaction. The other piece was composed of degenerated in¬ 
flammatory tissue in which large irregular polygonal cells were seen -with deeply 
staining irregular nuclei. On this cytologic appearance, the diagnosis of a 
squamous-cell carcinoma was made. This error in biopsy diagnosis was also 
mentioned by French and Garland’’- in their case. A larger biopsy from the 
lesion would perhaps have prevented this error in diagnosis. The correct diag¬ 
nosis of rhabdomyosarcoma was made from the resected specimen. 

DUGNOSIS 

Although the sjonptoms may resemble those ])roduced b 3 ’ carcinoma, certain 
differences have been noted which will be discussed presently. The most common 
symptom is dysphagia; this usually occurs earlj- and maj’- completely obstruct 
the esophageal lumen. This symptom progresses slowly and in the tjqiical stereo¬ 
typed fashion, the patient changes the t.ype of diet from solids to semisolids to 
liquids. As a rule the patient can accurate^ demonstrate at which point the 
food sticks. Salivation and regurgitation of undigested food particles have also 
been rather common complaints. Pain is usuallj^ an earlj- sjmptom. Simon® is 
of the opinion that its early appearance, piercing character, and radiation be¬ 
tween the scapulae are characteristic. The pain in sarcoma seems to appear in 
attaclcs which occur at night and maj’' not be related to the intake of food. AbeP® 
believed that the pain was due to the dilatation of the esophagus above the lesion ; 
this is associated ivith increased muscular contractions of the organ. Cachexia 
makes its appearance early and von Eicken-* was of the opinion that this earlj" 
cachexia was associated wdth loss of sleep at night. Anemia niaj’ be present 
because of the slow but constant loss of blood, or the hemorrhage ma.v be massive 
as in Dvorak’s’” case in which instance a black stool was reported. The con¬ 
dition may be confused vrith pulmonary afflictions or aneurj’’sms because of the 
encroachment of the primary lesion upon the surrounding structures. 

It is difficult, however, to differentiate sarcoma from carcinoma of the 
esophagus. The follo^ving factors may be helpful although the final diagnosis is 
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mndo only nftor cni'ctul microacopie study, the degree of wasting is out 

of proportion to the degree of draphagin a sarcoma should be suspeeted rather 
tluin a earcinoina. Jlnlignant appearing lesions of the esophagus in patients 
under the age of 30 years arc usually .sarcoma and not carcinoma. Sarcomatous 
lesions have a tendency to he more pol.vpoid and pedunculated, whereas the 
carcinomas arc more infiltrative in type and irregular. The pain in carcinoma 
is most marked nftor eating; however, ns .stateel, the paiu in sarcoma may he 
prc.scnt while fasting. The duration of the disease in sarcoma is shorter than in 
carcinoma since the former runs a more rapid and fatal eouise, and metastasises 
earlier. 



1.—PreoperatI\'o x-ray film, Inteml view, of tho CMphAiniB In the ca*e herein descrlhetL 


The prognosis of caicinoma Is somewhat Ijcttor than that of sarcoma, since 
the latter progresses with such marked rapidit.v. Death is usually associated 
\vith starvation, and has also Ijccn reported from perforation into adjacent organs 
(mediastinitis, lung al)sccss, tracheal perforation, or hemorrhage). Tho patient 
rarely lives longer than six niontlis after tho onset of dysphagia. 

TREATJrKNT 

With modem advances in anesthesiologj', chemoUierapy, and improved sur¬ 
gical teohniciuc, especially follo^ving the teachings of Sweet and Garlock, surgical 
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tlierapj' lias greatly increased its scope and safety. These patients today, there¬ 
fore, are given a new lease on life, and if nothing else, palliative resections and 
anastomoses can prevent a lingering death of staiwation and thirst. 

Nielsen^® has attempted to treat carcinoma of the esophagus by means of 
rotatory irradiation ndth the patient seated. How this type of rotation x-ray 
therapy will affect sarcomatous growths, which should be more radiosensitive 
than carcinoma, will onlj^ be told in the coui-se of time. 



Pig. 2.—A photograph of the gross specimen. The poL-pold appearance and the free margin 

of tlie tumor are readily seen. 

In 1939, Dvorak’^ wrote, "the operative treatment for sarcoma in the tho¬ 
racic esophagus offers little prospect of success. No successful case was found 
reported.” In only a short span of time this statement surely has become out¬ 
moded. 

Unfortunately, the three other cases of rhabdomyosarcoma did not have the 
benefits of modem surgerJ^ Our patient is alive and wed. one year following 
partial esophageetomj^ with transthoracic supi'a-aortic esophagogastrostomy. 

CASE REPORT 

Eistory .—The patient, J. P., male, aged 43 years, was admitted on July 27, 1948, with 
a complaint of dysphagia and repeated vomiting for 3 months. The patient stated that he 
was perfectly well until 2 months prior to admission, when he was suddenly seized by an 
attack of vomiting after eating a rather hearty meal. Prior to this he conld not recall 
having any similar attacks or difficulty in swallowing. Since the date of the first attack, 
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difficulty In BnnllowiiiK jjroprcf'Hcd rapidly po tlint within a period of 2 weeks ho could 
only swallow liquid fornlji. He wns extremely nausealcd and rcpeatodly vomiterl following 
tho intake of focxls and liquids. The vomitus consisted of any senilsolids previously taken, 
lie had dropped in weight from UhT to 124 pounds within n period of 8 weeks. Jfe com- 
plaineil of marked weakness and dixxiness. Four weeks prior to entrance he began to 
complain of a substernnl aching which was referred to the region of tho shoulders. Previous 
historj' revealed a rather exccs-ivc intake of alcohol over n period of many years. An 
appendectomy had been jierformod 8 years prior to entrance. 



Flff. 8.—Microscopic appearance of the tnmor (macntflca'Ion, X180). The fiTftdual tbinninff of 
the esophapeal mucosa with Its entire absence over tho tumor Is clearly demonstrated. 

Physical Examination .—^Physical cxaroinatiim revealed an emaciated man with a normal 
temperature, pulse and respiration; blood pressure wna 120/00. Pliyaicnl findings were 
essentially normal. 

X-ray Examination .—^An esoplmgogrom revealed a filling defect in the tlioracio esophagus 
slightly below the arch of the aorta. There was slight dilatation of the esopliagus abovo 
the lesion, and only a trickle of the barium could proceed into the stomach (Pig. 1). 
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The esophagoscopist reported the appearance of a graj’’, pi]ed-up, granular lesion 27 
cm. from the lower alveolar margin. This bled easily. A biopsy of this tissue was reported 
as squamous-cell carcinoma of the esophagus. (This has been commented upon previously.) 

Although the patient's mechanical sjTiiptoms were well marked, he maintained a red 
blood cell count of 4,190,000. The patient was prepared for surgery by meam of proper 
protein, blood, electrolyte, water, and vitamin balance. 



Fig, 4.—Microscopic appearance of the tumor (magniflcation, X250). Note the pleomorphic 
structure of the cells with giant forms denoting Its striated muscle-cell origin. 

Treatment .—The patient was operated upon on Aug. 4, 1948, by one of us (P. T.), 
utilizing a standardized technique of supra-aortie esophageal resection.fs The incision ex¬ 
tended from the sixth costal cartilage anteriorly over the sixth rib and then up along the 
vertebral border of the scapula to the level of the third rib posteriorly. The sixth rib was 
resected subperiosteally, and the fourth, fifth, and seventh ribs were divided posteriorly. Tliis 
gave ample exposure to the left thoracic cavity. The inferior pulmonary ligament and 
mediastinal pleura were incised. The esophagus was freed from the arch of the aorta to 
the diaphragm by severing its aortic and inferior phrenic blood supply. The lesion was 
freed from the surrounding structures below the arch of the aorta. This was accomplislied 
by blunt dissection. The left hemidiaphragm was opened from the esophageal hiatus 
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mdlally toward its poripheml uttnchment. The wtonmcli was nioblliKcd by pcvoring and 
Jigatlnif the loft ^pistroepiploic artery, fho vosn brcvia, and the loft pn/itric artery. The 
blood supply to the stomach was well nmititalnc<1 by the ripht pnstroopiploic and the right 
gastric orterics which remained intnct» The supm-nortic mobilisation of the esophagus 
was accomplished ])y incising the pleura immeilintely bolitnd the loft aulwlavian artery. 
The esophagus was then sovered nt the gastric cardia. Tho ojKjn stomach end was closed 
and inverted by two layers of sutures. The opposite end of the esophagus was tied off. 



FiC. K.—One year postoperative x-ray flim. anteroposterior view, of tho same patient, showinc 
a well-functlonlnc Intrathoraclc esophagogastrostomy. 

The completely mobiliied esophagus “was readily removed from its mediastinal bed and 
brought over the arch of tho aorta. The niobllized stomach was now displaced high into 
the thoracic ca\*ity, passing between the pulmonnrj* hilum and tho arch of the aorta, 
l^artlal esophagectomy tn-bs performed followed by a supra*nortic esophagogastrostomy 
using two layers of sutures. A Levine tube passed through the uose remained in the 
stomach with constant auction attached. Tho pleural cavity was drained through an 
incision In the ninth intercostal space, and tho catheter placed under water-seal drainage. 
The wound was closed in the conventional manner. The oi>eration lasted 3 hours and 50 
niinutcs, and 1,500 c.c. of blood was used throughout the procedure. 

l^atholoffi^t's J*ej>ort .—^facroflcoplc 'specimen: Oa Aug. 4, 1948, a portion of the esoph¬ 
agus was submitted to the laboratory. It measured 7 cm. in length and 3 cm. in diameter. 
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The surface ■was smooth. On opening into the lumen a mass presented itself having a pear 
or tonguelike shape. It was slightly polypoid in character and measured 3% by 2% by 
2 cm. (Fig. 2). The surface showed an absence of mucosa and was a dirty bro'wn gray. 
The mass was firm in consistency, the edges raised and rolled. The mucosa of the esophagus 
below and above the lesion was pinkish tan and smooth. The thickness of the esophageal 
wall was 9 mm. On sectioning through the tumor mass it was 2 cm. in thickness and 
gray tan. 

Microscopic description: The squamous epithelium adjoining the tumor showed a 
gradual thinning out to complete absence over the tumor (Fig. 3). The tumor itself was 
composed of elongated large cells. The nuclei were irregular and h 3 -perchromic. Many 
mitotic figures were seen. There was a marked pleomorphism of the cellular elements 


Fig. 6.—The patient one year after surgerj'. 



and connective tissue stains revealed prolongations of cytoplasm -with the stroma (Fig. 4). 
Some cells were giant types with large irregular deeply staining nuclei. Cross striations 
were not found with various staining techniques. A diagnosis of myogenic sarcoma was 
made ■with the histologic picture of a rhabdomj'osarcoma. 

The same specimen was submitted to the Army Institute of Pathology' in Washington. 
They stated that ‘ ‘ this lesion is undoubtedly a myosarcoma and that the most likely possi¬ 
bility is a rhabdomyosarcoma. We are coding the case under this diagnosis and will con¬ 
sider this our final diagnosis.” After careful consultation, one of us (B. N.) concurred 
in this diagnosis, and felt that there was no room for doubt. 
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Gllnski^' find oilier inveslipntors have ulntod that crom irtrlfttiona In the volnnlarj* 
iDDacle-eoU tnmon* nre ven* dlfllcult to demonjttrnfo nnd jnnnr tJmcfl ennnot be foand, 
OKpeeiallj uhen the tumor proccjiji 1^ verj* undifTercntlntod. 

An nddltlonal point of inioreat in this particular cfiflo l« the preaenco of o atrinted 
musclo'Cell tumor in n aniootli niuaple zone. To explain tlila ia dliTIcult and one can only 
theorize In that lliia wns either n metnplnaln or an embri'onic arrest. 

Postoperative Course .-—The po!»topemti\v coiin*c >nia atormy for the flrat 2 days; liow- 
crer, folloninp this it was quite uneventful. Ilotli the Levine tulie and the tliomcic catheter 
were removed on the third pn^'topom^i^•e duy. The patient was permitted to \mlk nt this time. 
Liquid fce<llnpa ^voro started on the fourth poato|K;mtivc da}', and ho was discharged on 
the sixteenth postoperative day. A veiy' thorough course of jHJstopomtive x-rny therapy 
wa* outlined for the patient. lie had one treatment: he refuseil to retorn for future i-ray 
therapy, ITls radiation therapy, therefore, ennnot Ite considered os part of the postopera¬ 
tive treatment. 

The postojKimtive roontgonogmni (iikeu one year following surgery revealed n well- 
functioning csophagogastrostomy (Fig. 5). 

It is now a little over one year since this patient was operated tqwn. lie has gained 
thirty pounds and is back nt work, jK^rforming his usual duries and onjovlng a full diet 

(FIff. 0). 


su.mmary 

1. Tlie subject of rbnMomyosnrconia of the csoplinpus is discussed, nnd n 
review of the litemturc is presented. 

2. A case ia bcrcin dc.scribcd in wbicb n striated musele maliftnant neoplasm 
was found to bo present in a zone of tlie csopliagus wlicre nonnnlly only smooth 
mascio is situated. Tlicorios explaining this arc discussed. 

3. Tills is the fli-st known ease in the worid Jileratme in wliicli a rbabdo- 
myo.sareomn of the csopliagiis was succcssfuJly removed. Tlic patient is alive 
one year following surgerj-. 
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EFFECTIVENESS OP DROMORAN (S-IIYDROXY-N-METHYL 
MORPHINAN®) AS AN ANALGESIC IN THORACIC SURGERY 

Preltmixary Report 

A. R. CuRRERi, JI.D., J. W. Gale, M.D., and H. A. Dickie, M.D., 

jMadisox, "Wis. 

T his clinical study "was undei'taken to evaluate the analgesic effectiveness of 
Nu-2206 and compare it with others commonl}’- employed for this purpose. 
The need for better analgesia is universally recognized since drugs presently 
prescribed often only partially control pain (demerol), frequently create unde¬ 
sirable side reactions as nausea, vomiting, respiratoiy depression, etc. (mor¬ 
phine), and are frequentlj- short acting. 

FoUowing thoracic surgery the desirability of complete pain relief is of 
even gi’eater importance. Here the vdde division of muscles and pleural iri'ita- 
tion sets up such intense pain that the patients find it difficult or impossible to 
perform the routine stir-up regimen. Their inability to cooperate may lead to 
atelectasis. In order to avoid such complications it is not uncommon to observe 
the nurses on a thoracic serrtce forcefully and rtgorously putting patients 
through the stir-up exercises of deep breathing, turning them from side to side, 
and encouraging coughing and expectoration. Any analgesic permitting freedom 
from pain, and at the same time having a minimum of undesirable side effects, 
would be of inestimable value to both patients and thoracic teams. 

Nu-2206 is a synthetic moiqihinelike drug vdth a chemical formula of 
S-hydroxy-N-methyhnorphinan-lydrobromide.^ Its close chemical relationship 
to moiTphine is readily observed in Fig. 1. It is a colorless, crj^stalline material 
readily soluble in water and alcohol. Phaimacologieally, other workers have 
sho^vn in mice and rats that Nu-2206 has a wide range of safety between its 
effective analgesic dose and the minimal lethal dose (Therapeutic Index).^ In 
this respect it compares less favorably than dilaudid, favorably with morphine, 
and is superior to amidone and demerol. In man the effective dose for pain 
relief has been sho^vn to be 5 mg. However, indi\dduals without pain may de¬ 
velop marked respirator^’’ depression with as little as 3 mg. This consideration 
must always be kept in nrind before the dmg is administered. 

Pain relief can be deteimined either by checking directly with the patient 
the duration and amount of analgesia, or by obtaining from the nurses’ records 
the daily number of h^qiodermics. The latter approach is undesirable and in¬ 
accurate for several reasons. First, unless requested by the medical staff a 
nui’se in our hospital is in no position to offer a narcotic in less than 3 or 4 
houra. During this period the patient may have little or no pain relief. Second, 
since some patients can tolerate a certain amount of pain for a period beyond 

From the Departments ot Surgery and Medicine, University of tvtsconsin Medical School. 
Received for publication OcL 12, 1919. 

•Made available for experimental purposes through the courtesy of Hoffmann-La Roche, 
Inc., Nutley, X. J.' This drug ’"’as formerly known as "Xu-2200.” 
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4 liours, the nurses witliholfl hypodonnics until requested. Thus, n considerable 
discrepancy may exist between the period ot netunl pain relict and the interval 
between administration of liyi)odermica. Actunlls', in man.v instances, intciwals 
of three to four hours were noted Ix'tween (he time of pain recurrence and the 
nec<l for a h.vpodermie. In order to avoid errois patients were que.stioned us 
to the duration and extent of pain relief. 

In addition to pain lelief, patients were also obsciwcd for their ability to 
cough and c.xpectorate easily and eftcetivciy, breathe deeply, and turn their 
body without ])ain. Complications were recorded. There was but one case of 
atelectasis in this entire senos. Unquc-stionably, more would have developed 
had those individuals with minimal or no pain relief l)ccn spared from active 
routine stir-np regimen. In .such cases this regimen was performed despite 
protestations of the ])aticnt. Finally, any change in judgment or insight was 
noted. 



OH 


NU-2206 



nORPHINL 

Fiff. 1 .—Showing cloM structural rolntlonahlp between Nu-2206 end morphine- 

Onr study included a total of 67 patients. Fifty-seven cases had single- 
stage surgical procedures which included pulmonary resections, decortications, 
coarctations of the aorta, patent ductus arteriosus, and tlioracoplastics. Ap¬ 
proximately one-half (28 cases) received 6 mg. of Nu-2206 while the other one- 
half received 76 to 100 mg. of demerol (17 cases) and grain of dilaudid 
(12 cases). In 10 other cases where two-stage thoracoplasties wore performed 
an excellent opportunity prevailed to compare Nu-2206 to other drugs. Thus, 
5 of these received Nu-2206 follouing the first-stage thoracoplasty and one or 
the other drug followng the second stage. The other 5 patients received demerol 
or dilaudid followng the first stage, and Nu-2206 follomng the second stage. 
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Table I 


NUMBER OF OASES 

NU-2206 

[ DEilEROL 

DUoADDn) 

TOTAL ADMIN¬ 
ISTRATIONS 

57 Single-stage procedures 

10 Two-stage thoracoplasties 

28 

17 

12 

57 

1st stage 

5 

,1 

2 

10 

2nd stage 

5 

2 

3 

10 

Total 67 


22 

17 

77 


Demerol was disappointing. It proved quite ineffective in overcoming post¬ 
operative pain. From Fig. 2 one can anticipate minimal to moderate pain re¬ 
lief for 2 to 3 hours in the majority of instances. Only rarely will the drug 
be effective for as long as 5 hours. As a rule the patients cough, breathe deeply, 
and expectorate ineffectively and with marked difficulty. Their movements from 
side to side are guarded and performed mth considerable misgiving. Nurse.s 
devote considerable time to these patients, prodding them through their routine 
exercises. Some typical responses from many patients were: “No relief from 
hypo,” “not much relief,” “can’t move because wound -wdll break open,” “poor 
pain relief.” The nurses objected not only because of the considerable time 
element involved in stir-up exercises, but also because their persuasion methods 
appeared cruel. Statements taken from nurses’ notes were: “Coughing and 
deep breathing must be forced,” “patient uncooperative for stir-up regimen,” 
“cannot or will not cooperate in turning or expectorating,” “uncooperative in 
turning, deep breathing, coughing and forceful perauasion is necessary.” Only 
once was a good report found: “Cooperative; good pain relief throughout ad¬ 
ministration.” 

Except for 1 case of atelectasis, no other noteworthy complication was 
noted. Confusion was seen for 36 hours in 1, and nausea and vomiting within 
the first 48 hours postoperatively in 4 patients. 

In general, dHaudid was superior to demerol, producing moderate to com¬ 
plete analgesia for 3 to 314 hours (Fig. 3). During the period of analgesia the 
patient’s apprehension disappeared and was replaced by a feeling of relaxation, 
which rarelj'' occurred with demerol. Furthermore, the routine stir-up exer¬ 
cises were accomplished with relative ease. In the 12 patients studied, the only 
complication noted was nausea and vomiting for 48 hours postoperatively in 
1 patient. 

Nu-2206 proved to be an extremely effective analgesic with a longer period 
of action. Average analgesia was for 7 hours, representing approximately twice 
the duration of dilaudid and three times that of demerol (Fig. 4). As a rule, 
pain relief -was complete and patients cooperated readily in undertaking their 
exercises. Patients with previous experiences in other pain relieving drags fol¬ 
lowing chest surgeiy emphasized this drug gave faster, longer, and more com¬ 
plete relief than any other they had received. Actually, if the duration and ex¬ 
tent of analgesia provided by demerol and Nu-2206 were plotted, the resulting 
rise of the curves would be at opposite ends. In demerol the height of the cur\m 
is early and drops immediately, whereas in Nu-2206 the curve is highest at a 
late period. The curve produced by dilaudid would be between the two. 
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dramatic that the patients felt the drug had curative powers. This feeling of 
w^ell-being or enphoi-ia was observed in all but 2 eases. This euphoria was°un- 
like that seen with moi-phine, for these patients had excellent judgment and 
good insight. 

28 p 

7S 


to 


IS 


10 


bs 


NU-2206 


j I o o Ln I 

H6.of 2JJ, 3 451 5- b 7 

Po^Hentfi /Avera^ftHouw/ain R«ii«f 




U _ 

b 7 8 


tD 

10 


^ I 




0 LI _ 

SUqht tioderatc Complete, 
^etjree. Pain f^enef 


Fig. 4.—Demonstrates long action of Nu-2206. 


Another case, which was not included in this series l)ecause it was not within 
the scope of this study, is cited because of its interest and value. A 55-year-old 
dentist, a brother of a physician, suffering from malignant hypertension, en¬ 
cephalopathy, and chronic passive congestion of the lungs, complained of 
dyspnea, apprehension, and extreme nervousness. A trial of demerol and prac¬ 
tically aU barbiturates produced either marked excitement or depression. He 
had not slept for 8 days when his brother suggested a trial of Nu-2206. The 
physician was cognizant of the fact that since no pain was present a respiratory 
depression might ensue. For the first time in 2 months the patient slept 8 hours. 
Following the injection of another 5 mg. the next morning the relief was so 
great that he was certain the vicious spasm was broken and a cure might result. 
Nu-2206 continued to relieve him for 8 to 10 hours until he died 2 weeks later. 

A word of caiation must be interjected at this point. This drug has an 
action similar to other narcotics, producing respiratoiy depression if no pain is 
present. The following case exemplifies this situation. A highlj" excited patient 
without pain was given 5 mg. of Nu-2206 and the respirator}^ rate promptly 
dropped to 8 per minute for a 4-hour period. Had comparable doses of mor¬ 
phine or dilaudid been given, we believe a similar picture might have occurred. 
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Complications obscn’wl witli the use of Nu-220G in 2S patients were as 
follows: One patient Avas confused, Ictliargic, nauseated, and A'oraited for the 
first 36 hours. Two patients had nausea and vomiting which could ho attributcpl 
to the drug, and 1 had a drop in respirator}- rate to 14 per minute. At iin.time 
did Bueli disturbing untoAvnrd effects ns leueopenin, sensitivit}- reactions, or 
shock develop. Pour jpntionts received Nu-220G from 4 to 8 weeks, and in only 
1 instance was increasing tolerance to the drug entertained but not jAiwed. In 
this same group 1 die<l from malignancy, while the other 3 developed neither 
withdrnAvnI symptoms nor a de.sirc for its continued use after the drug was 
stopped. 
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The adA-antage of Nu-2206 oA-cr demorol and dilaudid was, in our opinion, 
definitely shoAvn in instances Avborc tAvo-stago thoracoplasties Avere performed. 
Those receiving Nu-2206 foUoAving first-stage tlioracoplasty received average pain 
relief for 6 to 8 hours, Avhile demerol and dilaudid aided for 21,^ to 3^ hours. 
Following the second-stage thoracoplasty, at Avhich time the pain is more in¬ 
tense and more difileiUt to control, demerol at best only partially controlled the 
pain for to 2 to 2^ hours. Dilaudid was somewhat better, producing moderate 
to complete relief for 3 to 31^ hours, and Nu-2206 gave practically complete 
relief from 5 to 7 hours (Pig. 5). 
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SUMMARY 

I. While the number of cases studied is small, the results definitely demon¬ 
strate the superiority of Nu-2206 over demerol and dilandid. 

? Demerol should not be employed alone for pain relief in thoracic lesions. 
Its action is short and the extent of relief is minimal. Preferably it should be 
combined with some other agent, such as codeine. 

3. Dilaudid proved quite efficacious for short periods of time. 

4. Nu-2206 offered pain relief for a longer period of time, averaging twice 
and three times as long as dilaudid and demerol, respectively. 

5. The extent of pain relief from Nu-2206 was moderate to complete in this 
series. 

6. The effective and prolonged action of Nu-2206 provides the nursing staff 
mth more time for other necessarj' duties. It makes unnecessary the higldy un¬ 
desirable, forceful persuasion so frequently I'equired with other analgesics for 
stir-up exercises. 

7. It has been shown elsewhere that because it has a \ride margin of safety 
Nu-2206 is a safe drag to use clinically. 

8. This small series demonstrated no unusual side effects and the incidence 
of nausea and vomiting was no greater than with, demerol or dilaudid. 

9. In the presence of pain the admini.stration of Nu-2206 will not produce 
respiratory depression. 

10. The small number of cases in which this di’ug was used over a pro¬ 
longed period preclude a definite statement regarding the development of toler¬ 
ance. However, the drug was used successfully in patients developing a toler¬ 
ance and addiction to morphine. These patients did not develop withdrawal 
sjTnptoms nor show a desire for continued use of Nu-2206 when the drug was 
stopped. 

II. For many of the preceding reasons this drag is desirable for minimizing 
pain in inoperable carcinomas. 

12. In our opinion, Nu-2206 has a real place in the control of pain due to 
thoracic lesion. 

Note .—We have just been notified that the Bureau of Narcotics of the Department 
of the Treasury has reported that Dromoran is to be labelled as an addiction-forming or 
an addiction-sustaining liability drug similar to morplune and as an opiate. We have no 
reason to challenge tliis decision. It will probably become effective on or about Feb. 20, 1950. 
This means, consequently, that all clinicians and others who are requesting Dromoran from 
us must be ashed to order their sujmlies after February 20, accompanied wth the usual 
Federal Order Form for Narcotics.— Hoffmann-La Soche, Ino. 

REFERENCES 

1. Schneider, O., and Gruessner, E.: Helvet. chimica acta (In Press). 

2. Data provided b}- the manufacturer. 



I'UUIONAHV HISTOPLASJIOSIS: KEVIKW OF PUBLISHED CASES 
AKD KEPORT OF UNUSUAL CASE 
CORRIN H. IIODOMON, JI.D.,* Lvu: A. AVfHiD, Sr.D.,t AND 
0. TiIEKON CiaOETT, M.D.| 

Rochester, Minn. 

I N RECENT years histO])lasmosis has been much discussed particularly by 
physicians interested in tliomcic diseases. Yet, the number of proved cases 
remains small and knowledpo concerning this disease is limited. 

In March, 1948, ivc saw a patient whose illncs.s we thought to lie due to 
an infected pulmonarv’ cyst. Right lower lobectomy was performed, and the 
pathologist made the diagnosis of histoplasmosis which was subsequently con¬ 
firmed b.v cultui-e. We were somewhat surjirised as the patient presented none 
of the clinical chnractcristics commonly attribuleil to this disease. Therefore, 
we undertook to renew all the published cases of histoplasmosis in order to 
assimilate available information with particular reference to the pulmonary 
aspects of the disease. It is this infonnation as well as a report of our case 
that we are iiresentiug hciTin. 

We were able to find 123 ea.ses of histoplasmosis rccoitlcd in the literature 
up to 1949. In C2 of these we considered pulmouarj’ involvement proved. This 
article will deal primarily with these 62 eases but first of all a few comments 
on the entire groap of 123 eases seem desirable. 

We found that the age of the patient-s ranged from TVa weeks to 77 years 
and, interestingly enough, about one-si.'cth of them were less than 1 year of age. 
Male patients outnumlicrcd the female by more than 2:1. These patients lived 
in twenty-five different states of the union and seventeen foreign countries em¬ 
bracing much of the world but, unquestionably owing to more intense interest 
here than elsewhere, the United States aceounteil for more than three-fourths 
of them. 

Nearly two-thirds of these iiaticnts had significant anemia and a like num¬ 
ber leucopenia. Cultures to recover the organism seemed to have a high degree 
of reliability. In 60 eases one or more cultures were made, and Histoplasma 
eapsulniuvi was recovered from at least one culture in 53 of them. Material 
from 16 patients was inoculated into animals. In only 8 of these was the or¬ 
ganism recovered. 

One-half of the 24 patients who were tested with histoplasmin were found 
to be noni-eactors. When we considered this high percentage of nonreactors 
among those who have the disease, plus the fact that a large number of the 
normal population are positive reaetons wo concluded that the test in its pres¬ 
ent form is without value to the clinician. It may, however, be of importance 
to the epidemiologi.st. The complement fixation and precipitin reactions are tui- 
rcliable procedures becaase of cross reactions with other organisms. 

Reo^lved for publication OcL 14. 1&40. 

•DIvUion of Medicine. Mayo Clinic. 
tSccUon on Bactoiioloo'. Ma>‘o Clinic. 
tDlvlalon of Suryerj', Mayo Clinic. 
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No satisfactoi-j^ treatment for histoplasmosis has yet been found although 
manj’^ different medicaments have been given a trial. 

PATHOLOGIC ASPECTS 

In 90 of the 123 cases necropsy was conducted. From observations in these 
90 cases it is knoivn that the most frequentlj”^ involved organs in order of fre¬ 
quency are the lymph nodes, liver, lungs, spleen, adrenal glands, intestines, 
bone marrow, kidneyS, and oropharynx. 

Histoplasmosis of the lungs does not have any specific histopathologic 
features. In the lungs the lesions are usually curious mixtures of necrosis, exu¬ 
dation, and proliferation. The necrotic material seldom liquefies but liquefaction 
has been found to occur in a few instances. The exudate usually is composed 
of polymorphonuclear cells and Ijunphocytes. The proliferation is usually a 
mixture of fibroblasts and tissue macrophages. The latter are likely to contain 
the organisms englobed in the cytoplasm. In such cases the appearance is fairly 
characteristic and may be the clue to the diagnosis. In some instances the 
diagnosis has been confused with toxoplasmosis, leishmaniasis, and cryptococcosis. 
In some eases the organisms may not be demonstrable in histologic sections but 
may be demonstrated onlj’- by culture. There is evidence that the lesions tend 
to become calcified within a few months if healing occurs. The lesions may be 
single or multiple. In the lung they may be in any portion and the regional 
lymph nodes may or may not be involved. If tlie lesion is near the periphery of 
the lung there may be pleural effusion. Thus, the pulmonary lesions may give 
clinical manifestations closely simulating those of tuberculosis. 

The lesions in other "viscera do not differ fundamentally from those found 
in the lungs. From the reported cases it is e'vident that histoplasmosis may in¬ 
volve any organ or tissue either indi-vidually or collectively. In some cases only 
one organ is involved, and the condition is discovered incidentally at necropsy, 
while in other cases there is extensive involvement of every organ and tissue 
of the body. Histoplasmosis was found to be associated "with tuberculosis in 13 
of the 123 reported cases, -with Addison’s disease in 6, Hodgkin’s disease or 
lymphoblastoma in 4, diabetes mellitus and syphilis in 3 cases each, and leucemia 
in 2. The amount of necrosis varied. Liquefaction is not the rule but may occa¬ 
sionally occur, especially in the adrenal glands and in the periarticular, sub¬ 
mucosal, and subcutaneous tissues. The lymph nodes and spleen may or may 
not be involved. If a local lesion is near the surface, either of the skin or 
mucous membi’ane, it is likely to ulcerate and the ulcer tends to become chronic. 
In a recently developed lesion the organisms are usually present in large num¬ 
bers and can be demonstrated by histologic examination of specimens. In older 
lesions the organisms may not be demonstrable in histologic preparations so cul¬ 
tures may be necessary to prove their presence. In ulcerative lesions the his¬ 
tologic pattern may be altered according to the degree and kind of secondary 
infection. The ulcerative lesions have no gross diagnostic characteristics and 
have been found to occur on the neck, face, hands, "snilva, anus, penis, lips, 
buccal mucosa, alveolar ridge, tongue, palate, pharynx, larjmx, esophagus, and 
intestine. 
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PULMONARY LESIONS 

Prom this point on our discussion will be limited to the 62 eases in whieli 
wo considered pulmonnrj’ involvement by II. capsuU'tiim definitely proved. In 
order to avoid any erroneous assumptions, only those eases were accepted for 
this group in which involvement of the lung was proved I)y one of the follovving 
means: visualiration of the organisms in histopathologic sections of the lung, 
bronchi, or peribronchial lympli nodes; culture of the organisms from pleural 
fluid; culture of the organisms from sputum or gastric material if no oropharjTi- 
gcal lesions were present from which the organisms may have come. Un¬ 
doubtedly a number of cn.ses of pulmonary involvement were excluded, by ad- 
Iierenee to these restrictions. 

Of the 62 patients, 41 were males and 19 females and for 2 the sox was not 
reported. The age of these patients varied from TVe weeks to 72 years. Fifteen 
were less than 1 year of age. 

A list of symptoms a.ssoi'inted with pulmonary lesions in these cases is re¬ 
corded in Table I. Cough was the most common respiratory symptom and was 
recortled in 27 of the 62 eases. Physical examination of the chest demonstrated 
findings to correspond with the various underlying lesions, but in many eases 
nothing abnormal was noted. 


TAniX I. SVMPTOUS ASSOOIATCD Wmi roiSIONAItV LESION’S IN 
Siity-Two Cases op HiSTorLASiiosis 



oAsr^ 


GABES 

Ferer 

02 

Uweats 

13 

Loss of weight 

29 

Pnin in client 

9 

Coogh 

27 

Expoctomtlon 

0 

WeaJraeiis 

18 

Honruoness 

6 

Djipnea 

15 

ITemopIrula 

5 

CUlU 

13 

Cyfinotis 

3 


Roentgenograms of the thorax were made of 45 of these 62 patients, and 
for 8 they were reported as negative for disease. Of the 37 patients whose 
roentgenograms rovealod positive oridenee of disease, 30 of them had bilateral 
disease. Twenty of these 30 had widespread involvement of all regions in both 
bmgs. Any attempt to correlate the written description of pulmonary lesions 
as given by various roentgenologists is hazardous at best, but we can interpret 
their statements well enough to classify the findings rather roughly. Some pa¬ 
tients had lesions of more than one dcscrijition, tiierefore, the number of cases 
does not check correctly with the total number. In the largest group, 17 cases 
m number, the roentgenograms were described variously as indicating “bron¬ 
chitis,” or “peribronchial infiltration,” or moi-ely as showing "increased bron- 
chovascnlar markings.” In another group of 16 ca.ses tliey were described as 
showing localized areas of infiltration or bronchopneumonia. In 6 cases they 
showed evidence of pneiunonic consolidation or the “pneumonitis” tjTie of 
picture. In 3, generalized miliary’ involvement was the roentgenologic diagnosis. 
In 3 others there was evidence of definite nodides, either discrete or conglom¬ 
erate. In only 4 cases -were the lesions distributed so that they resembled the 
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reinfection type of tuberculosis in the apical regions. To summarize then, we 
can say that there is no characteristic roentgenographic pattera for histoplas¬ 
mosis of the lungs. The lesion seldom shows ca%dtation, may be associated with 
calcification, infrequently resembles tuberculosis, and in only about one-third 
of the eases does it have the pattern which is ordinarily considered characteristic 
of fxmgus infections, that is, peribi'onchial infiltration extending radially out¬ 
ward from the hilar region. Further data on this statement concerning calci¬ 
fication and cavitation will be considered next. 

Although necrosis of pulmonaiy lesions is common, ca\dtation seems to be 
unusual. We could find only 3 cases in which cavities were found and in 
only 1 of these was the caidty definitely proved to be caused by H. caps^iJahm? 
In 1 case^ the ca^dty was probably due to tuberculosis, and the third patienF 
is still living and therefore, the cause of cavitation remains unproved. Calci¬ 
fication was associated udth pulmonary’- histoplasmosis in 8 of these 62 cases. 
Much interest has been aroused in the work of recent 3"ears which shows a high 
degree of correlation between pulmonary calcification and positive results from 
skin tests with histoplasmin on persons who have negative reactions to tubercu¬ 
lin. This work gives strong circumstantial emdence that histoplasmosis does 
cause pulmonaiy calcification, but only recently' has the absolute proof been 
established. Christie and Peterson'' found calcifying hilar and parenchymal 
lesions during necropsy and obtained H. capsnlatum from these lesions on cul¬ 
ture. Thus, thej-- proved for the fii’st time what had been thought to be time for 
several years. Bunnell and Furcolow® pre\dou.sly presented rather con'vincing 
evidence of the same circumstance in one of their case reports. 

In cases of pulmonarj- histoplasmosis, cultures of sputum, pleural fluid, 
and gastric material should give a high percentage of positive results. Unfor¬ 
tunately, this was attempted in onlj'^ a veiy few of these cases. However, the 
diagnosis was established by positive culture of gastric material in the case of 
2 patients, and of sputum in 2 others. 

It is interesting that the diagnosis Avas definitelj^ established before death 
in 23 of the 62 cases of pulmonarj' histoplasmosis. Five of these patients were 
still li'ving at the time their cases Avere reported. The longest survival time 
reported after diagnosis was two jmars, and the patient was still living at the 
time of the report. 

REPORT OF CASE 

The patient, a man 36 years old, avIio lived near the Mississippi River in Iowa, Avas 
admitted to the Mayo Clinic March 3, 1948. His Avife and three clrildren Avere living and 
Avell. Medical liistory was not significant except that in 1937, a roentgenogram of the 
thorax was taken in the course of an employment examination and he Avas told that he had 
two lesions in the lower part of the right lung. This was again noted in 1942, Avhen lie was 
rejected by the draft board because of the pulmonary le.sion. 

The patient remained asymptomatic, hoAvever, until Dec. 24, 1947, A\'hen he expectorated 
blood, about 4 or 5 tablespoonfuls (60 to 75 c.c.). Although he felt well, he consulted his 
physician who took a roentgenogram of the thorax and noted a mass the size of a grapefruit 
in the lower part of the right lung. Sputum Avas said to contain pneumococci, and penicilUn 
and streptomycin were prescribed. On Jan. 9, 1948, bronchoscopic examination Avas performed 
and foul-smelling coffee-colored pus Avas aspirated from an indurated right lower lobe 
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bronchuB, After thin j»rore<lurc tlio patient couplied up approxiniatoly 1 cupful of pputum 
per twontV'fdur houra. ]tronclioft4'oj»ic oxiiminiition wns rri>cntetl Jnn. Ifl nnd Jniu 30, 1948. 
Rodiopnquo oil wna InslilliHl Into (hr bronchi nt the time of broncliOMOpIc exnmlnntion on 
Januniy 30. FollowlnR thl« thlnl brunchorcoplc exnmlnntion tlio patient mlaod a large 
amount of pufl nnd cofTce-colnml rafttcrlnl, oatlnititcd by (he jmtlent to bo about 1 quart 
(1,000 c,c,). Af(er a fourth bronrhoacopic oxmntnntlon on Feb. 18, 1948, tho color of the 
nputum chnngctl to pink. During thin tinio tho patient V gcnoml condition ronmine<l good 
and ho had n good appetite. Toniporaturo usually ro<o ench day to a mruiraum of 09® to 
lOOo F. ITc lost between five and ten |>ounds (2.3 to 4Jj kllogninis). Two days before 
admission to the clinic rather sharp shooting pains developed through tho right lower part 
of tho thomi. Before ndmisslon to the clinic he bad been gi\-eu pcmcillln and streptomycin 
on several occasions but tho amount and dnnition of this treatment wo do not Itnow. It had 
no apparent etTcet on the Illness. 



ng. J.—Tho tJiomx on Maicli 4. IPtH. before operation. 


At the time of admission to the clinic, March .3, 1948, the patient appeared well in spite 
of the rather prolonged illness. On exnmlnntion tho bloo<l pressure was found to be 114 ram. 
of morenrj’ systolic and 00 diastolic. The pulse mto was 70 boats per minute, and temperature 
was ODo F. Numerous rfilcs were heard oror the rlglit lower portion of the thorax posteriorly, 
hut tho examination othorwiso gave negative results. No hepatosplenomegnly was present. 

Laboratory studies wore reported as follows: The urine was normal. The concentration 
of hemoglobin uns 12.8 Qm. Tho erythrocyto count was 4,010,000 per c.mm. of blood. The 
leneocyto count avos 7,700 of which 10 per cent wore lymphocytes, 11 per cent monocytes, 
and 79 per rent neutropliUs. Tho sedimentation rate was 42 mm. In one hour by the Wester* 
gren method. Flocculation tost for syphilis gave negative results. No ncld*fast bacilli 
were seen on direct examination of the sputum but gram-positive cocci and on organism which 
was tnspected of being Candida albicans wore noted. Tho sputum was cultured for tuberculosis 
and the culture was subsequently reported to be negative for these organisms. Cultures 
of the sputum for fungi nlM were inoculntetl on culture meflln at the time of admission and 
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were later reported to be positive for E. oapsitlatwm but this report was not available until 
several days after operation. Roentgenograms of the thorax (Fig. 3) showed a large thick- 
walled cj-stic lesion noth a fluid level in the upper portion of the right lower lobe. Roentgeno¬ 
grams made with the patient lying dowm on his side demonstrated free fluid in the cavity. 
There was also an irregular collection of radiopaque oil in the right lower lobe. The 
roentgenologist interpreted tliese findings as probably representative of an infected pulmonary 
cyst. 



Fig. 2.—The cut surface of the mass removed. The grayish wlJte area In the upper portion 
was dry and crumbly. The cut portions of the multllocular cavity should be noted also. A small 
Isolated subpleural nodule of histoplasmosis is shown In the lower left portion of the photograph. 

A preoperative diagnosis of infected cyst of the lung was made. On March 6, 1948, 
three days after admission, a right lower lobectomy was performed by one of us (0. T. C.). 
The pathologist* made the diagnosis of lustoplasniosis. The lesion was a firm, almost 
spherical, grayish white mass measuring 9 by 7 by 4 cm. (Fig. 2). In Cross section it 
appeared to have a fungating center suggesting that there had been enough necrosis to give the 
semblance of a cavitj'. The cut surface was drj', crumbly, grayish wlute with streaks of 
lighter gray tissue indicative of extensive fibrosis. Contained -within the larger mass was a 
second smaller mass of similar color and consistency but sharply outlined by a dense 
graj-ish white band of firm tissue. In addition, in the adjacent parenchyma of the lung, 
there were three smaUer, grayish white, sharply circumscribed nodules 2 to 3 cm. in diameter 


•Dr. J. B. McDonald. 
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MUi crnmbly necrotic centen rc#cmbHnp old absccanai. Cultures nnd pmeftra from ouch of 
these lesion* revealed U. capsulation (Fig. 3). No other organism wni* found on culture or 
animal Inoculation. 

Ilistolopie pcctlons of the pranulonintous iimsM** showeiJ ^•nr^•ing degrees of necrosis 
nnd fibrosis xvith infiltmtion of IjinphocytcH, plasma cells, and various tissue phagocytes 
containing II, cctpsulntum. One Intcrcatinp feature was the presence of the organisms within 
the cytoplnsni of tlie fibroblasts. Attention 1ms previously been callwl to the presence of 
the organlsnj in cells of the adrenal cortex and liver cells. The presence of the orpanlsras 
In tissue cells suggests the possibility of nn in\-n*ivo capacity on the jmrt of the organism 
rather than n phagocytic capacity on tho imrt of tlic cells. Cultures of the sputum nftci 
operation failed to reveal the organisms, imd cultures of the blcKxl and urine also were 
negative for this organism. 



Plff. 3 .—UtMtoiilaamn cfiprulnlnm In phoBocj’te*. Wright stain of an impreasion smear from 
the cut surface of tho lesion shown in Fig. 2 (x 1,000). 

Skin testa were i>orformod in tho |)o«to|>emti\‘o i>orioil with tho following lesults: 
0.0001 mg. of tul)erculln (P. P. D.) gave n positive reaction of 2+; coccidioidin and Blasto¬ 
myces VECdno gave negative results nnd liistoplnsniia n doubtfully positive result. 

The patient was up on tho fourth day after operation and left tho hospital on the tenth 
day. He was lost hearf from in March, 1950, two years after operation, at which time he 
'ras examined by his local physician who reportwl tliat the patient had no symptoms, nus 
working eight hours a day ns a cjirpcnter, nnd a roentgenogmDi of the cheat reveale<l that 
Imth lung* were entirely clear. 

It would not be wise to pmlict the ultimate outcome for this particular 
Jiatient. It is well kno^m that Iiistoplnsmosis may he present for years watliout 
serious consequences and yet ultimately prove fatal. Perhaps some latent focus 
may come to light in the future. On the other hand there is good reason to he- 
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lieve that some patients do recover completely from this infection and as our 
knowledge of the disease expands we can expect to see more wlio go on to re¬ 
covery. 

In consideiing this case in retrospect we have asked ourselves whether we 
would have recommended exploration of the thorax if we had knoivn that this 
patient suffered from histoplasmosis. Perliaps we would not, but at least in this 
particular ease this treatment seems to have been satisfactory. However, the 
nature of the disease and its tendency to disseminate would suggest that the 
disease in only the rarest of cases ivill be amenable to any form of surgical treat¬ 
ment. In the literature we found a report of only I case of histoplasmosis in 
wdiieh pubnonarj’ resection was carried out.® In that ease, lobectomy was per¬ 
formed because of massive pulmonary hemorrhage. H. capsiClatwn was not 
found in the lobe removed either by microscopic study of the tissue or by culture 
even though the patient had proved histoplasmosis elseudiei’e in the body. 

jUIDENDUM 

Since submitting this article we have performed lobectomy for histoplasmosis on an 
additional patient, a woman from Illinois who was 35 years old. Tlie only evidence of dis¬ 
ease was found in the right upper lobe of the lung. Sputum cultures had been reported 
positive for Jlistoplasma capstilatum before the patient came to the Mayo Clinic and this 
finding was confirmed at the clinic. Eight upper lobectomy was performed on Nov. 15, 1949. 
The pathologist reported chronic granuloma with cavitation but no organisms were seen in the 
histologic sections. Cultures of the specimen were positive for H. capsidaUm. The patient 
was living and well in mid-March, 1950, four months after lobectomy. A roentgenogram 
of the thorax at that time showed no evidence of a pnlmonaiy lesion. 
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PARTIAL PERICARDIKCTOMV IN A CASE OP IIEJIOPBRICARDIUJI 
DUE TO NONPENBTRATINO TRAUMA 
Ai.exander E. AV. Aoa, JI.D., Oswald R. Jones, JI.D., and 
A ncHiiiAi.D D. Sheehan, M.D., Nmv A'ork, N. A'. 

T he occurrence of lieniopericnnlium due to nonpenetrating trauma is n rare 
condition, and n scnrcli of tlie literature fails to reveal a single instance in 
which pcricanlicctoniy has hcen employed ns a primarv- surgical therapeutic 
measure.* In a comprehensive discussion of the etiologj' of acute hemoperi- 
cardium, PultoiP listed trauma of the pcnctratiug variety as one of the most 
frcfiucnt causes hut did not s[)ccify nonpenctrnting injuries ns an etiological 
factor. In 1940, AA*nrhurg^ at CopenhaKcn collected from the world literature 
a total of 2G1 enses of myocardial or ])cricnrdial damage duo to nonpenotrating 
blunt injuries. In at least sixty cases there was pericardial involvement with 
cither effusion or hemorrhage. Ho noted that pericardiocentesis was rarely 
necessarj" and cited only one ease (Moullcn. 1897) in which a large amount of 
fluid was removed hy i)erienrdiotomy. 

case report 

The cftso whicli Is to Ik? re|Kirte<l here w llint of n 20-ycnr-olil bii8lne5J»nmn, 8.8., ^vlio waa 
adraitted to Doctor? Hospital on Marth 11, 1048, for further oA’nluntlon of n proved i)crieardlnl 
effuFion. The diagno^i? had boon c#tabti9lic<l throv month? provlouMr nt the Jewish Memorial 
Hospital. He \niB flrrt admitted to the latter hoFpItnl on Dec. o, 1047, with n two weehs^ Ills* 
tory of dyspnea and client pain, both npRmmte*! by exertion; he also complained of a severe 
nonproductive couglu la the flvo da.vs prcccdiDg admission tlie 0,\'mptom5 boenmo intensified. 
Two montlis prior to admission ho had experioncM a sudden tearing poin across tlio dieat 
following a kick on tlic chest hy his 3*year-old douglitor with wliom ho was playing. One 
month before ndmUsion he clalmctl that his cJiest Imd been comprewed by a largo packing 
case which lie was lifting. Another instance of trnuma to tlie chest Imd occurred in tlie 
more remote past—two years prior to admission he had struck Ids chest against the steering 
wheel in nn automobile accblcnt. Otherwise the post liUtoiy was noncontributory. 

Notable findings on physical examination nt the Jewish Memorial Hospital were dyspnea 
and cyanosis, marked distention of neck veins, nml an enlarged Jienrt. The heart sounds 
were distant. The bloml pressure in the riglit arm was 135/110, in tlie left arm 116/85. 
There was slight dullness in tho left chest itontoriorly. The liver was palpable 8 c.ra, below 
tho costal margin; it was regular In contour and slightly tender. 

Tho x-ray examination sliowcd a cardiac outline (Fig. 1) which wni enlarged in all di¬ 
ameters, the sllliouctlo being of the ‘'dewdrop" tj’po. Tlie electrocardiogram revealed low volt- 
of tho QHS complexes and inversion of T„ T,, and Tho venous pressure was 290 mm. 
of saline on admission. Following a |^c^icn^dial tap of *400 c.c. of blood on Dec. 33, 1947, 
there was gradual clinical Improvement with a fall in venous pressure to 122 mm. of saline 
on discharge. One month later the x»atlent was admltte<l ovomlght for a second pericardial 
osplmtion; again 400 c,c. of bloody fluid was removed. Cjiologic studies wore done; only 
bloofl and fibrin were visible, with no tumor cella evident. Studies for organisms, including 
acid-fast bacilli, were negative. No evidence of pericardial tumor was demonstrated when 
air was injected into the poricanlial sac. To rulo out the presence of a neoplastic process 
pericardiotomy was adviwNl. 

Upon admission to Doctors Hospital tho aamo aymptonu! were present, although they 
were of a lesser degree. On phj’sicnl examination there was no longer any venous engorge- 
niont in the neck. Tlie lungs were clear and tho cardiac findings were unchanged. The liver 
was not palpable. The roentgenographic picture was relatively unchanged, as was tlie electro¬ 
cardiogram. The venous pressure was 130 mm, of saline. 

F^om tho ModJcol and Surjtlcal Sorvlcea, St. Luke’s Hospital. 
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Laboratorj^ studies showed a hemoglobin of 11.5 Gm. Bed blood cells were 4.28 million. 
IVhite blood cells were 10,700 with a normal differential. Urinalysis was negative. The 
blood sugar was 1C2 mg. per cent. After consultation an exploratory' pericardiotomy was 
advised to determine tlie cause of the persistent bleeding wthin the pericardial sac. 

On March 16, 1948, under endotracheal anesthesia, a horseshoe-shaped incision was 
made on the left anterior chest wall n-ith the horizontal limbs over the third and sixth ribs, 
the verticle limb overlying the midstemum. After the skin and pectoral muscles were 
elevated laterally, the fourth and fifth costal cartilages with 2.5 cm. of the adjoining ribs 
were resected. The internal mammary vessels were ligated, and the flap of intercostal muscles 
was elevated and displaced laterally exposing the pericardium and pleural reflection. 



Fig. 1.—Anteroposterior view of cheat showing enlarged carjlac shadow due to pericardial 

exudate. 

The parietal pericardium n-as bulging and definitely thickened; the visceral pericardium 
and the internal surface of the parietal pericardium were finely granulated and bled freely 
on contact. About 400 c.c. of dark liquid blood was removed. On thorough inspection of 
the heart no abnormalities were found. The great vessels appeared normal. The coronaries 
could not be visualized because of a thin deposit of fibrin over the visceral pericardium which 
also appeared to be slightly thickened, but on palpation the blood flow seemed normaL Sev¬ 
eral large plaques of fibrin were removed from the pericardial sac which was then irrigated 
with isotonic saline solution. All adhesions between the visceral and parietal pericardium 
were divided. In order to avoid further bleeding from contact of visceral and parietal peri¬ 
cardium, to promote drainage, and to eliminate the possibility of later constrictive peri¬ 
carditis, a resection of the pericardium was decided upon. Approximately two-thirds of the 
anterior pericardium, especially that portion overlying the ventricles, was then resected. The 
cut margins were sutured witli 0 plain catgut to control oozing. The muscular flaps were 
then sutured back in place, and the skin edges approximated with silk sutures. 
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Tho patliolopic flpocimon rcmoTe<l nt operation coBslstod of two stripfl of parietal pcri- 
cardiam mcaaurinp 5.1 by 2.4 by 0.5 cm. and 0.4 by 2.7 by 0.0 cm. Tlie outer nurfaco wns 
pray ami gelatinous wliilo tUe inner lining wns dark red and licnjorrlingic. 

Tho jrathologiat deecribotl the following microscopic findings; Tho inner region con¬ 
sisted of edcrantons granulation tissue and recent honiorrlmge. On the surface scattered 
patches showed organisation of fibrinoid substance- Tlic outer region revealed compressed 
fibrous tissue througiiout whicfi were many nutrient vessels surrounded by cuffs of lymphocytes. 

A conccntrnteil specimen of the pericardial fluid wns examined by direct smear and 
was found to contain no ocid-fast bacilli. A Pelrngnnni culture of tho fluid was negative 
after two months. 



2.—Anteroposterior view of chut following poricanIJectomy. Structure within normal limits. 

The patljoioglc diagnosis was chronic fibrous pericarditis with old and recent hcmorrlmge. 

For ft week following operation tho patient ran a febrile coarse which was not altered 
by antibiotics. On Morcli 23, lfi48, temperature had fallen to P9* F. and from this point 
on he remained afebrile. An electrocardiogram taken on llio day after operation showed 
that, although they were still present, the 8T- ond T-^vavo clmngcs were less marked. 

This pfttient was discharged on the tenth postoperative day. Aspiration of a hematoma 
was required twice following discliarge from tlio hospital. Examination six months after 
operation showed the blood pressure and venous pressure to bo normal, and the patient free 
of complaints. Roentgen exnmbiation of the heart showed a normal heart outline (Fig. 2). 
There have been no signs of cardiac failnre. 

COMMENT 

If pericnrdiectomy \nth tliorongb exploration of the pericardial sac had 
not been done, it might be nrgoied that traumatic etiologj' of the hemoperi- 
cardinm was probable but that a neoplastic process would have to be eliminated. 
With exploration the possibility of tumor, either primary in the pericardium or 
invasive from an adjacent structure, has been ruled out. The great vessels at 
the base of the heart were found to be grossly normal. 
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A generous biopsy specimen was obtained, permitting microscopic study of 
the pathologic changes which have been described. No evidence of periarteritis 
nodosa or other diffuse vascular disease was apparent in the specimen. No 
single bleeding point was found; rather, a diffuse edematous granulation tissue 
mth recent hemorrhage was the mo.st striking finding. Doubtles,s, there was 
considerable oozing of blood from this surface. The possibility of bleeding from 
this source initially is improbable if the original lesion was traumatic in origin. 

Similar granulomatous changes in the epieardium were described in a case 
report which appeared in the Swiss literature in 1941.'* This patient, a 66-year- 
old woman, suffered from longstanding cardiac insufficiency and, at post¬ 
mortem examination, was found to have a rheumatic endocarditis with severe 
mitral stenosis. In addition, she had a massive liemoperieardium with telangi¬ 
ectatic granulomatous changes vath multiple hemorrhage in the epieardium. 
However, a rather unusual additional finding was the presence around the 
blood vessels of numei'ous collections of cholesterol eiystals surrounded by 
giant cells. There was no history" of trauma in this case. 

Trauma, in the case under discussion, .seemed to be the most significant 
etiological factor with neoplasm and blood ves.sel ebsease eliminated. There was 
no reason to suspect that the patient had a blood dyscrasia or a bleeding tendency 
of any sort. Since tliree different instances of trauma were elicited in the 
histoiy, appraisal of these injuries is neces.sary. Of the three injuries sustained 
(Injury A: kick in the chest; Injure’- B: pressure from packing case; Injurj' 
C: striking chest against steering wheel), only injurj" A was I'eeaUed by the 
patient at the initial interriew, injuries B and C being remembered only when 
prompted by the historian. It seems rather improbable that injurj" C, which 
had been sustained two years before admission, could be responsible for an 
alteration in circulatory dynamics which appeared only two weeks before 
admission. Injury B Avas not accompanied by pain in any waj" approaching 
the magnitude of the “sudden, tearing pain” experienced in injury A. 
Apparently injury A was by far the most severe traumatic event experienced 
bj" the patient. It is possible that the other injuries in some way may have 
contributed to the trauma sustained. 


SUMMARY 

1. A case of hemopericardium, believed to be the result of nonpenetrating 
trauma, is presented. 

2. A partial pericardiectomy Avas performed and the pathologic findings 
are discussed. 

3. To the best of our knoAvledge, pericardiectomy has never before been 
attempted in this condition. 
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PUUrONARY PROSTHESIS AFTER PNEUJIONECTOJIY 

0. C. BRANTlnAN', JI.D., AND H. L. Rigdon, JLD. 

Bai.timore, JId. 

T he liistoi-j- oC Lucite (methyl mcthncrj’lntc) used experimentally and in 
clinical stirgei^' has Irecn excellently reviewed and brought up to date by 
Wilson. He made experimental .studies and demomrtmted n clinical use for 
Lucite halls in the plomhagc operation in the surgical treatment of pidmonarj' 
tuberculosis.’" ’• ’ Pulmonari’ prosthc.sis was developed by Johnson and asso- 
ciates.*' “ These authors have presented the work so well that it would be useless 
to review it. Harrington" stated that Claggctt wished to avoid thoracoplasty 
after pneumonectomy and iLsed pulmonarj- pro.sthcsis. In order to prevent 
overdistention of the remnining lung after pneumonectomy Cournand and 
Berrj’’ used oil with good rc.sults. The necessity for and the justification of 
pulmonary prosthesis depends uimn two somewhat controversial theories: (1) 
overdLstention of the remaining lung after pneumonectomy results in an im¬ 
pairment of the cardiorespiratorj- function, and (2) overdistention of the re¬ 
maining lung after pneumonectomy for pulmonarj- tuberculosis enhances the 
activation or fiarc-up of dormant or ((uicsccnt tulterculous lesions in the remain¬ 
ing lung. Thoracoplasty prevents ovcrdmleution and is not a prosthesis but it 
does obliterate the empty pleural space. It has an advantage over prosthesis 
since it tvill prevent or heal cmi)j'cma. If empyema complicates the pneu¬ 
monectomy a prostlicsis is contraindicated and thoracoplasty is imperative. 
Thoracoplasty is deforming. 

Whether cnrdiore.spiratorj- imj)nii-meut develops seems to involve several 
consideratious. Does hyperplasia of the remaining lung tissue occur; is com¬ 
pensatory hypertrophy of the lung developed, or does empfij-sema of the re¬ 
mnining lung occur! The age of the patient and the patient’s predestined 
future concerning the development of emphj-.scmn or cardiac failure, even with 
both lungs intact, arc important factors in answering these questions. 

Hyperplasia of lung tissue in j-onng animals after pneumonectomy has 
been demonstrated by Hnasler (1892),“ Mollgnai-d and Hovsing (1910),° 
Kawamum (1914),’° Knott (1934),” Hilbcr (1934),” Bremer (1937),” and 
Longacre and associates (1940).’“ There is no dissenting opinion. It has 
not been proved, however, whether lijijcrplasia will occur in the i-emnining lung 
after pneumonectomy in Iwibies or cldidrcn. 

In 1935, Rienhoff” reported that experimental studies and the study of 
agenesis” of the lung indicated that compensatorj- dilatation and not emphysema 
of the lung occurs after pneumonectomj'. The conclusion is baaed upon the 
study of the lung from one adult dog about six mouths after pnemnoncctomy. 
At a meeting in 1948, Rienhoff” referred to this work, stressing the point that 
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emphj^sema does not occur in the remaining lung after pneumonectomy. 
Smart^^" in a study of agenesis of the lung collected 104 cases from medical 
literature and added two more patients that lie had studied. Fifty-seven 
autopsies were performed, but the existing lung was described only seven times 
and in six there was emphysema. Longacre^'*’ made exhaustive experi¬ 
mental studies on dogs after pneumonectomy. He carried out this procedure 
on puppies and studied the results on three such dogs two, three, and almost 
four years later. From the same litter he kept two puppies as conti’ols. He did 
pneumonectomies on young adult dogs and studied the results on two of these 
animals two and almost four years afteru'ard. Histologically the lungs from 
the dogs which had pneumonectomies as puppies were larger than normal 114111 
smaller than normal alveoli; however, the atria were dilated and suggested 
hyperplasia. A histologic stud}’’ of the lung from the dogs that had pneu¬ 
monectomies when young adults showed no hj’perplasia but dilatation and 
definite emphysema. Longaere’s conclusions and results differed from those 
of Rienhoff on young adult animals. Rienhoff studied the lung of his dog six 
months after pneumonectomy. Longacre studied the lungs from two dogs at 
two and almost four yeai's after pneuraonectomj'. 

Couimand’’ indicated that in cliildren and young puppies the cardio- 
respiratoiy function is almost as good after pneumonectomy as before, even 
under severe exercise. Longacre^® studied animals from the same litter. Three 
of these he subjected to pneumonectomy at the age of one month. Wlien ten 
months old the animals with one lung functioned as well as those ^vith two 
lungs. However, three years later the animals udth both lungs showed no 
change in cardiorespiratory function when subjected to severe exercise, whereas 
in those with only one lung there was considerable embarrassment of cardio¬ 
respiratory function. The animals did not, however, show the complete exhaus¬ 
tion demonstrated by the dog that had the pneumonectomy as a young adult 
animal almost four yeare previously. Both Longacre and Ooumand arrive at 
practically the same conclusion believing that overdistention of the lung is more 
of a liability than an asset. RienhoflP® 'nnote, “We have been able to detect no 
evidence whatsoever that compensatory dilatation of the lung in either man or 
animal is harmful.” It is generally agreed that the younger patient has less 
impairment of cardiorespiratory" function foRomng pneumonectomy than doas 
the older patient. It requires little obsemmtion to realize that under normal 
condition of good health, with both lungs intact, children have better cardio¬ 
respiratory function than the older adults. 

The results of overdistention of the lung studied five, ten, and fifteen years 
after pneiunonectomy, with or without thoracoplasty, are so few in number that 
no unequivocal statement can be made concerning the necessity for preventing 
overdistention of the remaining lung by thoracoplasty or prosthesis. Some 
patients will develop cardiac decompensation, whereas others will develop 
pulmonary emphysema and show considerable cardiorespiratory distress even 
though one lung has not been removed. If the patient whose future held one 
or the other of these conditions were subjected to pneumonectomy surely he 
would show cardiorespiratory distress at some future time following the pneu- 



nR.VKTlGAN AND KIODON: PyoMONABY PROSTHESIS IN PN'EUMONECTO.MY 111 

monectomy. A patient, aged 53 years, nine years after a right pneumoneetomy 
for carcinoma of the lung spontaneously claimctl that breathing and the ability 
to engage in active occupations were better at that time than they had been 
three years before (Fig. 1). 

To preserve cardioresjiinitoiy function and pievcnt overdistontion of the 
remaining lung Graham,'- O'Brien,” tiohnson,*’’ iSkinncr,’* Ale.'cnnder,'^ Cour- 
nand,’’ ” and others thouglit that thorncopln.sty sliould follow pneumonectomy. 



1.-—noentffcnoRram of th<* chert of n white mnii, need 6S >'ear». whooe right lung "was 
for bronchiogcnlc carcinoma nine piora before. This may be compared with Fig. 2. 
^nich ahowa a white woman, ago<l 33 yenra. with ogeneals of the right lung. 

Hienhoff,'" '\Valkcr,’“ Ovcrholt,-' we, and others do not believe thoracojilasty is 
neccssarj' after pneumonectomy for nontubcrculous disease. Clinical observation 
would indicate that thoracoplasty is rarely ncccssarj-. It is pos-sible that 
tlioracoplnsty may restore some lost function after the clinical course has indi¬ 
cated the development of impaired cardiorespiratorj- function. Graham” re¬ 
ported definite improvement in cardiorespiratorj' function following thora¬ 
coplasty in a patient with agenesis of tho lung. Berry' wrote that thoracopla.sty 
in a man aged GO yeans prompGy relieved symptoms of dj-spnea after pneu¬ 
monectomy. If thoracoplasty is needed after operation the differences in the 
right and tlie left lungs must be considered. Tho right lung lias the gicater 
volume. When it is removed tlic lieart can move a greater distance than it can 
when the left lung is removed, because it quickly apposes itself to the left chest 
wall laterally. 

One can turn to aplasia of the lung for an indication of wliat may be 
e.vi>ected in a long-time survival -nithont one lung. Patients ivith aplasia of 
the lung have been reported as djing from some other cause at tlio ages of 58 
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to 65 and 72 years.-® We have diagnosed and observed a patient -\vith aplasia of 
the lung 33 years of age. She has dyspnea under certain conditions but is able 
to cavry on the usual duties of a graduate nurse (Fig. 2). The patient -with 
agenesis of the lung has the equivalent of a pneumonectomy done when an 
uifant. It has been shown that h3''perplasia of the remaining lung occurs after 
pneumonectomy in yoimg animals; however, in patients mth agenesis of the 
st autopsy six out of seven were reported to show emphysema of the 
lung. The patient who has a pneumonectomj’- as an adult cannot justly be 
compared with the patient who has agenesis of one lung. 



Fig. 2.—Roentgenogram of the chest of a white woman, aged 33 years, with agenesis of 
the right lung. She has dyspnea with exertion but Is able to carry on the duties of a graduate 
nurse. This film should he compared with Fig. 1, which shows a chest nine years after right 
pneumonectomy for carcinoma of the lung. 


Most surgeons who do pneumonectomy for tuberculosis believe that over- 
distention of the remaining lung enhances the flare-up of dormant or quies¬ 
cent tuberculous lesions in that lung (Rienhoff,^® Bailey,®® Maier,®^ Over¬ 
holt®®). The thought is uppermost in the minds of thoracic surgeons doing 
collapse therapy in the treatment of tuberculosis, since the basis of collapse 
treatment is exactly the opposite of overdistention of the lung. In doing a 
lobectom}’’ for pulmonary tuberculosis the surgeon has the opportunity of 
palpating the remaining portion of Imig and more often than not small nodules 
can be palpated in the remaining lobe or lobes. When such lobectomies were 
not followed by thoracoplasty in our patients, the rate of flare-up or activation 
of the disease was rather high. I’lare-np after lobectomy occurred in 30.8 per 
cent of 13 patients. On the other hand, at the time of pneumonectomy the 
surgeon has no opportunity of palpating nodules in the I’emaining lung and he 
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is at liberty to assume that there is no disease in this lung. This may or may not 
be true. In our experience, however, 11 patients subjected to pneumonectomy 
for pulmonary tuberculosis who survived the operation remained entirely well 
from nine months to four and one-half yeans and have had neither thomcoplasty 
nor prosthesis following the pneumonectomy. It can be assumed that there Avere 
no lesions to become aetiAmted in the remaining overdistended lung or that 
overdistention is not important to the activation of the remaining dormant or 
quiescent lesions. In a study of patients Avith pulmonarj^ tuberculosis it is not 
particularly unusual to see extensive disease on one side, Avith a gradual con¬ 
traction of the lung and a gradual overdistention of the opposite lung. Fre¬ 
quently a lesion or even a cavity in the overdistended limg aagII heal (Fig. 3). 
A survey of such information merely emphasizes the fact that no unequivocal 
information is obtainable concerning the effect of oA'crdistention upon healed, 
dormant, or quiescent tuberculous lesions. 

Even though absolute facts are not knoAvn concerning the ill effects of 
oAmrdistention upon healed, dormant, or quiescent tuberculous lesions, most 
thoracic surgeons belicAm that oA'erdistention definitely enhances the activation 
or flare-up of such lesions. It is undoubtedly true that if one waits until there 
is a flare-up of a dormant or quiescent lesion, one has Avaited too long. It is 
much better to do a thoracoplasty before the disease has become activated than 
to attempt to cure the disease by thoracoplasty after the flare-up has occurred. 
Thus, the necessity for preventing overdistention of the remaining lung in the 
tuberculous patient after pneumonectomy seems far more important than it does 
to prevent overdistention of the remaining lung in the nontuberculous patient 
merel^'^ to prev’ent impairment of cardiorespii'atory function of a clinical degree. 

When the patient AAuth puhnonaiy tuberculosis is facing the necessity of 
pneumonectomy, the risk of operation to the patient is far less than the risk of 
continuing with the disease Avithout benefit of pneumonectomy. In other Avords, 
the patient is sick and any gamble on his life or future health is definitely in 
faAmr of the pneumonectomy. However, after the patient has surAuved the 
pneumonectomy for all intents and purposes he is well, and the risk of any 
contemplated prophylactic operative procedure may be greater than the danger 
of future disease that may occur in the patient. Therefore, the chances of an 
operatWe procedure are all against the patient. If thoracoplasty is con¬ 
templated the risk is slight but the deformity is considerable. In the event a 
safe, simple, nondeforming operatiAm procedure could be developed, surely one 
would be justified in taking the risk to preA'ent future trouble to the patient. 
Lucite ball prosthesis is simple, easy, and noudeforming. The immediate risk 
is negligible. HoAVCA^er, only time Avill determine its safety in futui-e years. 

Pulmonary prosthesis has not been used at the time of pneumonectomy in 
oixier to preA^ent additional possible harmful factors being introduced into the 
immediate postoperative period. It also seems rather difficult to determine hoAv 
many Lucite balls would need be inserted if they Avere put in at the time of 
pneumonectomy. Therefore, in order to permit recovery at the time of pneu- 



BRANTIOAX AND HIODO.V: PUI.JIOXARY PROSTHESIS IN PNRDMOXECTOIIV 115 


monectomy, and to allow the medinslimiin to nsauine a normal position or one 
slightly shifted to the operative side, the Liicitc halls are placed in the pleural 
cavity several weeks following pneumonectomy. 

In the heginning the time intoiwal from pncnmoneclomy to prosthesis was 
purely arbitrarj". Hienhoff” indicated that fihrothorax may develop in five to 
fortj'-two days. Churchill’* also helicvcd that fihrothora.K would develop. The 
first patient had a prosthesis three weelcs after pneumonectomy. Later the time 
interval was incrcascil to ten weeks. Kihrous ti.ssuc did not develop in any 
patient. It soon became evident that It would lie much lictter to depend upon 
the position of the modia.stinum and not uiion time. Judgment ha.sed upon the 
jmsition of the inciliastinum is not infallible, however, since in some patients 
there is practically no thickening of the ))lcum and wlien the pleural cavity is 
o|)oned the mediastinum has a tendency to shift too far to the unoporated side. 
On the other hand, in most patients the pleura is coiLsidcrahly thickened and 
there is no shift of the mediastinum. At the present time it seems rather 
difilcult to determine preoperatively whether or not the pleura Is tliickened. 

After pneumonectomy a permanent phrenic paralysis is done. This pro¬ 
cedure is not carried out at the time of operation because the patient may 
desperately need the motion of tlie diaphragm in the immediate postoperative 
period. If the patient has survived uneventfully, the pcmianent phrenic 
paralj-sis is done at a separate operation in the coirical region approximately 
two to three weeks after pneumonectomy. 

The operation of pulmonarj- prosthesis is carried out under local procaine 
anesthesia. The patient is placed in a lateral position with the pneumonectomy 
side uppermost. The incision is usually made over the thiitl or fourth rib in 
about the anterior axillary line, making the incision lictwcen the peotoraiis 
major muscle and tlie latissimus dorsi, since less tissue need he traversed in this 
region. A section of rib aliproximatoly one and one-half inches long is removeel 
suhperiasteall.v. The pleura is incised and a .section of it taken for biopsy. The 
fluid in the pleural caAnty is aspirated and cultured for pyogenic bacteria and 
tulierclo bacilli. Knough Lucite halls aro inserted to fill the pleural cavity. 
Prom nineteen to si.xty-five have been used. The numlior of Lucite splieres 
needed depends upon the position of the mcdia.stinum, the size of the patient, 
and whether it is the loft or the right .side. The Lucite spheres aro sterilized in 
the manner described by Wilson but with slight modification. The spheres are 
immersed in 1:1,000 aqueous zeplmriii solution for eighteen to twenty-four 
hours. They aro thoroughly rinsed in sterile saline and then placed on the 
instrument table in a solution of azochlornmide, 1 ;3,300 in sodium totradecyl 
sulfate, 1:500. The Lucite spheres aro taken from the solution and deposited 
in the pleural cavity without drjing. 

Twenty-three patients have undergone Lucite ball prosthesis (Table I). 
There has been no immediate postoi>erativc difficulty. However, for some un¬ 
explained reason it is not unusual for the temperature of those patients to be 
as high as 102° P. for several days. At first the unexplained fever was looked 
upon with a great deal of misgiving since it was well known that fever did not 
usually follow after Lucite bull plombage in the treatment of pulmonary tuber- 
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cuJosis. I 21 this series of patients two have become infected. One patient 
sJiowed a satisfaetoiy postoperative period and was well for three weeks. At 
the end of this time he developed fever. A.spiration of the pleural space revealed 
frank pus, from which was gi'own Staphylococcus alhus licviolyticus in pure 
culture. Tubercle bacilli could not be identified. For reason.s lieyond our con¬ 
trol the patient was sent to another hosjjital, where he died approximately three 
weeks latez’ without having the pleural space drained. At autopsy nothing 
abnormal was found except the empyema. There was no evidence of tuberculous 
lesions in the pleural cavity or tlie remaining lung. 


Table I. Pneumonectomy eor Tubercuiajsis; Pulmonary PTostiiesis—Lucite Ball 


name 

i 

color 

sex j 

AGE 1 
(YR.) 1 

DATE OP 
PNEU- 

JtONECTOMY 

1 

date or 
PROSTHESIS j 

1 END RESULTS TO .3/15/49 

B. K. 

C 

F 

? 

9/ 2/47 

10/ 0/47 

Sputum negative, a'orking 8 tours 
a dny 

J. S. 

C 

U 

30 

10/ 2/47 

11/ 7/47 

Dead, 5/18/48, no autopsy 

W. 0. 

W 

M 

5G 

10/24/47 

1/ 5/48 

Dead, April, 1948, empyema 

Spread to contralateral lung, plora- 
bage contralateral side, sputum 
negative, condition good 

Condition good, sputum positive 
from contralateral disease, plom- 
bage contralateral 

S. H. 

W 

F 

35 

11/17/47 

1/10/48 

G. C. 

C 

M 

35 

12/12/47 

2/ 1/48 

W. E. 

C 

M 

39 

12/19/47 

2/ 7/48 

Sputum negative, condition good 

L . McK. 

G 

F 

35 

1/16/48 

3/19/4S 

Sputum negative, condition good 

G. L. 

W 

F 

35 

3/ 5/4S 

5/ 6/48 

Sputum negative, condition good 

E. P. 

W 

F 

46 

3/14/48 

5/12/48 

Sputum negative, condition good 

A. S. 

W 

F 

35 

3/18/48 

6/ 4/48 

Sputum negative, condition good 

J. C. 

C 

M 

28 

4/ 5/48 

5/ 3/48 

Sputum negative, condition good 

J. D. 

W 

M 

2C 

4/17/48 

6/ 8/48 

Sputum negative, condition good 

L. A. 

W 

F 

23 

5/10/48 

6/ 8/48 

Sputum positive, low grade fever, 
bronchoscopy reveals endobron¬ 
chial lesion of amputated stump 

R. H. 

C 

F 

24 

5/14/48 

7/27/48 

Sputum negative, condition gootl 

A. G. 

W 

M 

40 

7/ 9/48 

9/ 9/48 

.Sputum negative, had empyema, be¬ 
ing treated by aspiration aud in¬ 
stillation, condition good 

Sputum negative, condition good 

R. L. 

W 

F 

26 

7/23/48 

9/10/48 

B. D. 

W 

F 

29 

9/ 7/48 

11/ 4/48 

Sputum negative, condition good 

S. H. 

w 

F 

23 

9/20/48 

11/ 4/48 

Sputum negative, condition good 

P. B. 

c 

F 

17 

10/ 1/48 

12/13/48 

Condition unknown 

J. A. 

w 

F 

34 

10/18/48 

12/ 3/48 

Sputum negative, condition good 

E. H. 

w 

F 

23 

10/29/48 

12/22/48 

Sputum negative, condition good 

E. P. 

c 

F 

22 

10/26/48 

1/1.3/49 

Sputum negative, condition good 

S. S. 

c 

F 

15 

11/16/4,8 

1/10/49 

Sputum negative, condition good 


Another patient had a rather difficult postoperative period following pneu¬ 
monectomy. Nine weeks after pneumonectomj'’ a Lucite ball prosthesis was 
done. It was foUoAved by a period of fever and then the temperature returned 
to normal. Eight weeks after the pulmonary prosthesis the patient began to 
have fever once again. The chest was aspirated; pus Avas found Avhich contained 
only tubercle bacilli. He was first treated with aspiration and instillation of 
streptomjmn, then penicillin, and finall 3 ’^ aspiration and instillation of sodium 
tetradecyl sulfate, 1:3,300 and azochloramide, 1:500."® With the use of the 
latter solution the patient's temperature returned to normal, the appetite was 
good, he gained weight, and appeared to be rather well, but tubercle bacilli 
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persisted in flic iisiiimted fluid. Tlio Lncifc linlls were cnslly removed by n 
sninll incision under locid nncsflicslii. The incision was kept open for drainage. 
Thoracoplasly is confeinplatod for oblifeinfion of the space and cure of the 
empyema. 



Flp. H,-—Rcwntpreiiopram «liowinRi tlte chc*»t of a white woman, aped 23 yeam, whose left 
lunp was removed for pulmonan’ tuberculosis. A pulnionar>’ prosthesis followed In elpht weeks. 
A cavity was noted In the apex of the rlcht lunp four and ooe-holf months after pulmonary 
prosthesis. The patient was treated by bed rest and streptomycin for six weeks and then sub¬ 
jected to right pulmonary plonibape. She has been well nod has hail a negative sputum for one 
year. 


One pafient of flic grouii dcvelojicd n cavify in tbo ape.K of the remaining 
limg after Lncite ball jirosthesis. The cavity was closed by a Lucito ball 
plombage (Pig. 4). Another patient of the group was returned to the sana¬ 
torium and discharged as arrested, tint six and one-half months after pneu¬ 
monectomy the patient was brought into one of the local hospitals dead on 
arrival. One must assume that he died of pulmonarj- tuberculosis but no 
autopsy was obtained and it was impossiblo to determine the circumstances 
surroimding tlie deatli. Tlie patients witli Lucitc ball prostliasis have been 
followed carefully from six months to twenty-two montlis. 

In tile beginning of tlio use of pulmonary prostliosis some misgivuigs were 
encountered wlien placing tlie Lucitc balls on the left side of the chest against 
the pericardium, but no untoward eiTccts have been noted from the use of tlie 
piosthesis ou the left side. Tliore liave been fourteen prostheses on the left side 
and nine on tlio riglit. It is reasonable to assume tliat the heart is not beating 
against a harder structure than wlien it beats against the ribs or sternum. 
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The operation of pnlmonar}' prosthesis has proved to be a simple, non- 
deforming operative procedure. However, the morbidity and mortality have 
been high when one considers that one patient out of twenty-three lost his life 
as a result of empyema following Lueite ball prosthesis and another patient 
developed what appeared to be a pure tuberculous empyema following Lueite 
ball prosthesis. It seems rather certain that routine thoracoplasty following 
pneumonectomy would be frought with less morbidity and mortality. It is 
possible, however, to rationalize somewhat concerning the high rate of mortality 
and morbidity. The patient who developed a pure Staph, albus hemolyticns 
infection of the pleural eartty was giussly contaminated at the time of his 
original pneumonectomy and was treated Avith sodium tetradecyl .sulfate- 
azoehloramide and sulfanilamide, and escaped infection of the pleural cavity.®'^ 
However, at the time of prosthesis the biopsy of the pleura showed chronic 
inflammation of the pleural surface. Either this organism was dormant in the 
pleural cavity since the original operation or a contaminant was introduced at 
the time of operation. The second patient had a tuberculous empyema and was 
also grossly contaminated at the time of operation. The contamination probably 
contained tubercle bacilli as well as pyogenic organisms. He, too, was treated 
with azochloramide, sodium tetradecyl sulfate, and sulfanilamide mixture and 
escaped ivithout infection of the pleui’al cam’ty. Again, it may be stated that 
the infection Avas dormant in the pleural cavity and flared up by the insertion 
of Lueite balls. The experience ndth these tAvo patients leads to the conclusion 
that w'hen the pleural caAoty is by accident grossly contaminated at the time of 
pneumonectomy or when a tulierculous empyema is pi’esent at the time of 
pneumonectomy, the patient .should not be subjected to Lueite ball prosthesis. 
Surely, in such patients if overdistention of the remaining lung is to be pre- 
Amnted thoracoplasty is the procedure to be followed. 

Little infoi-mation is olitainable concerning the incidence of pure tuber¬ 
culous empyema or mixed infectious empyema occurring after pneumonectomy 
for tuberculosis. It seems highly probable that a certain niunber of empyemas 
Avill occur at a later date Avith or without thoracoplasty. In eleven pneu¬ 
monectomies for pulmonaiy tuberculosis not folloAved bj’' thoracoplasty one 
patient developed a pure tuberculous empyema six and one-half months after 
pneumonectomy (Table II). Tins is a higher incidence than Avith Lueite ball 
pi’osthesis. 


Table II. Pxel-monectoaiv for Tdberculosis ; No Prosthesis akd No Thoracoplasty 


XAME 

COLOR 

SEX 

AOE 

(ye.) 

irOXTHS SIKCE 

operation 

SPDTUil XEOATIVE, 
PATIENT WELL 

SPUTUM POSITIVE 
OR PATIENT SICK 

K. 

McK. 

\v 

F 

44 

55 

Yes 

- 

VV. 

U. 

U' 

AI 

41 

31 

Yes 


G. 

C. 

C 

F 

2G 

30 

Yes 


J. 

K. 

W 

F 

18 

30 

Yes 


M. 

B. 

W 

F 

19 

29 

Yes 


C. 

G. 

tv 

F 

u7 

23 

Y'es 


X 

4 

C 

M 

32 

17 

Yes 


J 

B. 

C 

M 

30 

12 

Yes 


E. 

X 

C 

P 

31 

11 

Yes 


' -p 

s 

AV 

P 

32 

9 

Yes 


0. 

B. 

AT 

M 

31 

9 

Yes 
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It is assumed that \ritli tlio additional information eonceniing pulmonnrj' 
prosthesis now nvnilal)lc the opeisition can he perfonned in the future with less 
mortality and niorliidily. If the reduction in mortality and morbidity eaimot 
l)c accomplished, tlion corlainly the proeodure should he aliandoned in favor of 
thomeoplasty. Deformity slmiild not influence the surgeon .since it is his task 
to cure the disease. 

Tile effect of tlic Taieite hall pnwthcsLs in years to come cannot, of course, 
Ite knomi at this time. 


8UM1IAHY 

I’ulnionary prostlicsis witli laicitc l)alLs Is a simple, easy, noudeformiug 
motliod of preventing ovcrdistcution of the remaining lung after pneumonee- 
tomy. 

The effcct.s of Lueite hall prosthesis in years to come arc yet to he 
determined. 
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UNILATBRATj loss op cough rkplhx following cojiplbte 
AUTONOJ nC DENEnVATION OP THE LUNG FOB 
BHONCHHVL ASTIBLV 

Case Heport 

Samuel Levixe, JI.D.,* ant> John B. Grow, ILD.t 
DEja-ER, Colo. 

K UMjMELL,' in 192-'!, first rc]iorloil iniiiicJintp relief of iisthinn by uniinteral 
ccrvicnl sj’mpnthcctoiny. He poatulntod the vngits ns being the chief 
motor nciTO to the lung, but fenring the conscqueneea of vngotomy, nttncked 
the ccrvicnl syinpnthetie.s, believing that some of the motor fibers of the vngtis 
were trnnsmittctl vin this itnthwny. His iden wns to diminish bronehospnsm 
by weakening its innen-ntion. Lntcr, Brneneker, in Knmmell’s clinic, demon- 
strnted that stimulation of cither the vngius or Hjuni)nthetic produced at times 
an increased resistance to air exchange. Sub.scquently, many continental 
surgeons began excising various segments of the cervicodorsnl sympnthetics 
trith extremely variable results, ns might be c.x])ceted. This is not stirprising 
in view of the variance in case selection, no less than the divergent operative 
procedures employed. Even from the very brief operative descriptions some¬ 
times given it is evident that many of these sympathectomies were incomplete. 
Brneuckcr stated that even with comitlefe removal of the stellate ganglion, 
sympathetic stimulation reaches the homolatcrnl lung, ns rami eommunicnntes 
send fibers from ns low ns the fourth thoracic root. 

The year following Kuuimell’s original report, Knitpis’ reported equally 
encouraging immediate results from vagotomy on the right aide, below the 
emergence of the recurrent Inrjmgenl. Tlie seeming paradox of relief of 
asthma by the interruptioii of two systems having predominantly antagonistic 
motor effects was then explnbied on the basis of the reflex arc, of which the 
sympathetic was the afferent and the vagus the efferent limb. Dixon and 
Brodie’ had reached this conclusion following electrical and pharmacologic 
stimulation of cut nerve endings in experimental animals, and stated that the 
vagus was the chief bronchoeonstiictor nerve, and the sympathetics the chief 
bronchodilator. Purthennore, these efferent components were demonstrated 
to be linked to afferent arcs which completed the reflex: bronchodilation 
folloiving stimulation of afferent fibers in the central cut ends of the vagi, and 
conversely, bronchoconstriction following stimnlation applied to the central 
cut end of the sympathetic. 

There is by no means any univeisal agreement ns to the physiology of pul¬ 
monary innervation. Phillips and Scott,' in an excellent review of the surgery 
of asthma, stated that the theory of the syunpathetic being the afferent limb of 
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a reflex arc was “theoretically attraetiA'’e Avithout many knoAvii facts for its 
foundation. They question the infallibility of Dixon and Brodie’s conclusions 
on neiwe stimulation, because the studies Avere carried out in animals haAong a 
combined A^agosAunpathetic trunk. HoAA^ever, they conceded that all the ex¬ 
trinsic nerve paths controlling bronchiolar caliber Avere eAmntually condensed 
in the posterior pulmonary plexuses. They felt that if the beneficial result of 
surgery could be attributed to the interruption of a reflex Avith multiple and 
complicated atferent-efferent pathways, then section of lioth motor and sen¬ 
sory channels Avould more likely produce a good result. It is Avorth Avhile to 
note, hoAvever, that the bronchial Avails themsehms contain numerous ganglion 
cells and a complicated intrinsic nerve netAvork, not unlike the intestinal 
plexuses of Auerbach and Meissner. In this connection. Drinker® made the 
pertinent obseiwation that complete denervation of the lung is quite impos¬ 
sible. 

Despite the lack of agreement on the fundamental physiology, the surgeiy 
of asthma has been based on the concepts outlined. Sympathectomy has been 
advocated to block the afferent pathAvay over the stellate and upper thoracic 
ganglia. The efficacy of such surgery Avoukl, of course, depend upon a com¬ 
plete interruption of the afferent arc. Leriche and Fontaine® reported relief 
from stellectomy alone, but others believed that a Avider operation including 
the upper thoraeics is necessary. LeAun,^ in asserting that the sympatheties 
constitute the chief bronchoconstiictors of the lung, observed the necessity for 
removing (or destrojdng by alcohol injection) the third, fourth, and fifth 
thoracic ganglia AAffiich contribute direct branches to the pulmonary plexus. 
Moreover, he described indirect branches from all the thoracic ganglia, via 
the aortic plexus. Miscall and Rovenstine,® subsciibing to the concept of the 
sympatheties as the afferent limb of a reflex arc, favored sympathectomy in 
those patients in AAffiom asthma Avas felt to be due to vagal overactiAuty. They 
noted the procedure of posterior pulmonary plexus resection as advocated by 
Bienhoff and Gay, but warned that this procedure might disturb reflexes es¬ 
sential to normal respiration. Bienhoff and Gay,® however, in reporting eleven 
patients upon AAffiom this procedure had been done, stated flatly that there had 
been no postoperative complications. The folloAving case report is therefore 
offered, not to evaluate the efficacy of the procedure described in the treatment 
of asthma, but rather to point out an interesting and important complication, 
namely, the clear-cut and unilateral loss of the cough reflex folloAving both 
sympathetic and vagal deneiwation. The procedure had been selected on the 
basis of the arguments as giAmn by Phillips and Scott. 

CASE REPORT 

M. E. M., a 40-yeaT-old white woman, entered National Jenish Hospital on July 29, 1949, 
with chief complaint of bronchial asthma of sixteen years’ duration. The patient stated 
that she had been a frail child and had had tj-phoid fever at the age of 6 years. Slie had had 
tonsiUitis and chorea at 14 years of age, and was told by a physician, in 1936, that she had 
“leakage of the heart.” 

Asthmatic history dated back to March, 1933, and began \nth an acute, unheralded 
attack Avhile she was a college senior. She had t^vo more asthmatic attacks in the same year. 
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nnd «ul)?eqocnt to ^I'o to experience n con^tnut roupli tlint woa xllghtly pro¬ 

ductive of wliito fonmy pputum, Lot ?ho Imil no ivheciinjj. In the period from 1034 to 1038, 
^ho roceive<l a prent deal of thompy for einu**it>n and napal pol\'p?, bat had no nevero asthmatic 
attacks- In 1038, she had two episodes of status asthiimticus for vhlch she a-ns hospitalixed, 
and treated with oil-ether retention onenms. After 1938, tfie astlinia was intermittent and ir- 
repulnr, and the patient dc5crilx*d it as nnnoyinp rather than disablinp. The patient observed 
that in tho period from 1030 to 1043, durinp which time she had three propnancics, the asthma 
was definitely less severe. In tho summer of 1946, the altneks Ix^nme more intense and more 
frequent, and she was nsinp adrenalin freely. In 1940, she had an episode of status durinp 
which she was hospitalizctl for a period of tiventy-three days, and npnin in 1947, she was hos- 
pitaHwl \dth severe asthma and a su|>erimposed |motimonilis. From tliis time on she ex¬ 
perienced almost constant asthma, nn<l was onablo to carry on her housework. She then 
sought surplcal relief, and on Feb. 10, 1940, a right cervicodorsal sympathectoajy was done, 
followed two weeks later by the same procedure on the left. On encJi ocension the FtclJate 
and first two thoracic pnnplia were rcmovc.l. After the first j)rocedure she felt very much 
l>etter, bnt after tho second stnpe the l»ricf sense of well-l)einp «lceIinod and sho again began 
to have asthma. Becna'^ of the persistent and severe attacks, it \vns suppested that a com¬ 
plete autonomic dcncmttlon I)e done, and she entered the National Jewish Hospital for this 
purpose. 

Physical examination rcvenicfl an eniaciati^d white woman in obvious respiratory dis¬ 
tress, with a wheoxe which was audllde aeross the room. The accessor}' muscles of respira¬ 
tion were called into play, and stocwl out as visible conls in the neck. Tho chest was tym¬ 
panitic to percussion; breath sounds were loud with an increased expiratory duration. 
Thoro \rcro numerous cmcklinp rfdes and wheetes over tho entire chest. There was no cardiac 
enlargement. Tho pulse was 84 and repulnr. A soft blowing murmur nua heard early in 
diaitolc. Tho blood proMuro n-ni 104/84, 

The red blood count was 3,100,000 with 14 Om. of hemoglobin. White count was 14,200 
with 72 per cent neutrophils, 24 lymphoc.vies, 3 eosinophils, and I basophil UrinQl}*8is re- 
rcaled a tpecific gravity of 1.018 with ono plus albumin. 

A postcroanterior roeutpenopmm of (he chest showetl findings of pulmonary emphysema. 

Tho maximum brcatliing capacity u-oa 43.6 liters per raianto. The resting arterial oxy¬ 
gen saturation was 84 per cent and tho arempo pulmonnr}' arterial blood pressure during 
cardiac catlietcriration was 22 mm. Up. (A more complete r^sumu of tho objective pulmonary 
and cardiac findings Is intended for a later report.) 

Bronchoscopy rovealcil some blunting of the enrinn, and a velvety thickened appearance 
of tho bronchial mucosa. 

On Aug. 17, 1949, under other-endotraclicnl anesthesia, and through a right transpleural 
approach, the vagus norvo was isolaterl Iwloir the recurrent laryngoal, and all communicating 
brandies to the root of the lung were resected to tho level of the inferior pulmonary vein. 
The vagus was transplanted into the pleural cavity. Tho sympathetic chain was then mobil¬ 
ized at the point of its previous resection above the third dorsal ganglion, and was re¬ 
sected bofew tho seventh thoracic ganglion. Two No. 46 French right-angle drains were placwl 
in the pleural cavity, and the chest closed in layers, 

A postoperative film on Aug. 23, 1940, showed a wedge-shaped area of atelectasis at the 
right base along tho right heart border. Bronchoscopy at this time revealed thick, tenacious 
material in tho orifices of the right lower lol)6 segraenta It utip also noted that the patient 
had no cough wliile tho right side of tho bronchial tree was being examined. With the thought 
that this might be a fortuitous finding due to the pnaaape of the cocaine solely into the right 
bronchial tree, bronchoscopy ^rns repented on August 30, limiting anesthesia to the pyriform 
sinuses and cords by sArab application. The findings were quite striking: a complete absence 
of congh while examining and aspirating the right bronchial tree, and the immediate oUcIta- 
tiou of persistent cough wlien Gie tip of tho bronchoscope crossed tho carina into the left 
main-item bronchus. Bronchoscopy iras repented on September 3, Avith identical findings. 
Bronchoscopy ^ra8 not completely effective In clearing the atelectasis in the right base, and 
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for tins reason a Mdtras catlietor was passed into the riglit anterior basal segment bronchos 
every other day. Following the passage of the catheter, 4 c.c. of saline containing 100,000 
units of peniciUin, 0.1 Gm. streptomycin, and 0.5 c.c. of 1:1000 adrenalin was instUIed, and 
the bronchus was aspirated. On this regime, the atelectasis cleared almost completely. 

From September 24, the patient again began to experience severe asthma and was in 
status on several occasions. However, she showed satisfatory response to the intravenous ad¬ 
ministration of 10 c.c. of 1 per cent Novocain, repeated at intervals. It was decided in view 
of the unliappy result on the right side to limit surgery on the left to vagal stripping. This 
was carried out on October 7, through the left transpleural approach. The postoperative 
course was marked by mild disorientation for two days, follou-ing ivliich the patient had an 
uneventful recovery. 

A follow'-up bronchoscopy on Oct. 23, 1949, revealed essentially the same findings as pre¬ 
viously noted. The cough on the left side had not been changed by vagal stripping alone. 

DISCUSSION 

If the sympathetics and the vagus constitute a reflex arc mediating the 
bronehodilating and bronchoeonstricting reflexes, it is logical to assume that 
other important reflexes are likeivise so transmitted, and complete autonomic 
denervation A\dll lead to profound changes. 

The procedure employed in this patient has left her prey to atelectasis 
and pneumonitis on the right side. Follow-up observation two mouths after 
the first procedure revealed a persistent and clear-cut absence of cough on the 
right, and considering the technique employed in transplanting the vagus 
intrapleurally, it is doubtful whether return of function ivill occur. On the 
other hand, stripping of the vagal Abel's to the posterior pulmonai'y plexus 
appears to be an innocuous procedure as far as preservation of cough is con¬ 
cerned, as Rienhoff and Gay have definitely stated. 

No attempt has been made in this report to evaluate the status of the 
patient’s asthma following bilateral denervation. It is felt that this will re¬ 
quire a more prolonged observation during Avhich time a close watch will be 
kept over the patient's pnlmonai-y status with particular emphasis on the right 
lung. In the future, we intend limiting deueiwation to the vagal side of the 
autonomic arc in view of the untoward complication in this patient. 
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JfETASTATIC PULJIONAIJV JIALKiNANCY; A STUDY OF FACTORS 
INn^OLA'^BD IN EXFOLIATION OP JLVLIQNANT CELLS 

P. Henry Elms, Jr., JI.D.,* Lewis B. AVoolner, AI.D.,t and 
IH utBFjrr A\'. Schmidt, M.D.,t Rochester, AIinn. 

T he finding of mnlignant colls in the aiiiilum of pnticnts suffering from 
prinmr)' hroneliiogcnic cnrcinomn is being i-cported witli incren.sing fre¬ 
quency, nnd its vnlue ns n diagnostic tooi in tiiis condition is well established. 
Seeondar 3 - tumors of the lung, involving the bronclii ns they not infrequently do, 
miglit also be expected to cxfolialc malignant cells in the sputum. The purpose 
of our study was to determine wiietlicr or not malignant cells can be recovered 
in the sputum of imtients sutfering from metastatic tumors of the lung and to 
O-xaminc the factors rcsiwnsible for exfoliation of these malignant cells. 

RM'IEW or THE I.rrERATL'RE 

The use of c.vtologic examination of .sputum ns an aid to the diagnosis 
of primary pulmonniy ncoiilasm received little attention until the introduction 
by Dudgeon nnd AA'rigloy' of tlic ''wet-film’' icehnique. They examined sputum 
in 58 eases, in 38 of which the diagnosis of bronehiogenic carcinoma was sub- 
scijuently eslublishod. Malignant cells were found in the sputum from 26 (68 
percent) of these 38 patients. Suljse<|ucnl reports’ ’* on the use of this method 
have indicated a percentage of correct diagnoses ranging from 60 to as high as 
92.5 in some more recent scries. Incorrect diagnoses occur but become less nnd 
less frequent as tlio examiners become more familiar with tlio technique. AYool- 
ncr and AIcDonnld'* reported that a falsely iMwitivc diagnosis was made in ap¬ 
proximately 2 per cent of 300 consecutive cases in which sputum examinations 
gave positive results. The frequency with which thoracotomy is being initiated 
when cytologic examination of sputum has given tlie only definite pathologic 
evidence of tlic disease testifies to the fact that this diagnostic method is con¬ 
sidered to be highly accurate. It is generally folt that a diagnosis of bronchio- 
genic cnrcinomn can be made on the basis of findings at bronclioscopie examina¬ 
tion in ap])roximatcly 50 per cent of cases. Cytologic study of the sputum and 
bronchial secretions may be expected to increase the number of accurate pre¬ 
operative diagnoses by at least 20 per cent. 

The finding of malignant cells in the .sputum of patients suffering from 
secoudarj' pulmonarj- tumors has been mentioned only rarely in the literature. 
Betschart,'" as early ns f89.5, reported 2 cases of metastatic osteogenic sarcoma 
in which malignant tissue was found in the sputunn There were 3 cases of 
metastatic pulmonarj- neoplasms in Dudgeon nnd AYriglej-'s’ series in 2 of which 
the sputum contained malignant cells. Barrett’ found malignant cells in the 
sputum of 9 patients who had secondary tumors of the lung. He predicted that 
exfoliation of malignant colls in the sputum miglit be expected in cases of hyper- 
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nephroma and sarcoma with pulmonary metastatic lesions. It was emphasized 
1 ) 3 ’' Glojme*® that almost any type of malignant cell, squamous, potygonal, or 
eolumnf^r, might be found in the sputum in cases of secondary tumors of the 
lung. Cells from carcinoma of the esophagus and pharynx were the most com¬ 
mon. Gowar,^ on the other hand, reported 5 cases of secondar}’^ neoplastic 
growths of the lung in which examination of the sputum gave negative results. 

WandaU-* in an extensive review of the subject of neoplastic cells in the 
sputum reported positive findings in the sputum of 8 patients who had met¬ 
astatic pulmonary neoplasms, and negative results in 4. Those who had posi¬ 
tive sputum included 2 who had carcinoma of the colon, 2 who had h 3 "per- 
nephromas, 1 who had carcinoma of the breast, 1 who had a parotid tumor, one 
tumor of the testis, and one osteogenic sarcoma. It was his feeling that the 
primary or secorrdary natrrre of a tumor of the lungs could not be determined 
from ejdologic study of the sputum as the two are frequentlj^ similar histo¬ 
logically. Exceptions were cases of metastatic hypeniephiomas of the kidney, 
seminomas of the testis, and sarcomas. In these instances, he felt that the cell 
tjqoes v'ere srrfficientlj'- distinctive so that they could be recognizable in the 
sputum as being different from cells exfoliated from primary bronchiogenic 
carcinoma. Others®’ '■ have reported the occasional finding of malignant 
cells in the sputum in cases of secondary tumors of the lungs. 

The reliability of cjdologic examination of sputum in the diagnosis of 
metastatic pulmonarv" maligrrane,v carrnot be determined from the reports men¬ 
tioned because not enough cases were encountered by an.v author to be considered 
significant, and no consistent attempt rvas made to List the negative results as 
well as the positive ones. McKay and associates^® encountered less success in 
recovering malignant cells from the bronchial secretion of cadavers with sec¬ 
ondary tumors of the lung than of those with primary bronchiogenic carcinoma. 
Zimmerman and Lrrbliner^’ made the statement that in their experience, tumor 
cells have not been found in the bronchial secretions of patierrts with pulmonary 
metastatic lesions in spite of the fact that erosion into the bronchi by metastatic 
tumor’s can and does occur. 

The fact that bronchial involvement may occur in cases of secondarj' tumors 
of the linrg has been emphasized in recent year’s as the bronchoscope has come 
into more widespread use, and it is no longer a rare occurrence for secondary 
tumor’s to be seen through the bronchoscope and for the diagnosis to he made 
after examination of a specimen obtained through the bronchoscope.’®'^* King 
and Castleman^® investigated the frequency of bronchial Involvement in met¬ 
astatic pulmonary malignant lesions in 109 cases at necropsy. In 20 (18.3 per 
cent) bronchial invasion by malignant cells was found, the invasion in 11 being 
noticeable grossly. They emphasized that no special effort was made to search 
carefully for small metastatic mucosal nodules and stated furthei’more that the 
sections disclosing microscopic involvement of the bronchi were taken at I’andom 
only. Had a more careful search been made, rurdoubtedly the percentage of 
cases of secondarj^ pulmonary tumor’s with bronchial involvement would have 
been higher. In a recent review of pulmonary resection for metastatic irralig- 
.nancy®® it was found that the question of bronchial involvement was mentioned 
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in 27 of G2 ca.'ics reported in the litcmturc. In 37 (G3 per cent of these 27 
eases or 27 per cent of tlic entire series) bronehinl involvement was present. 
Seiler^® concinded tliat tlie iietnal pcrecnla^c of hreneliinl involvement was 
hotween 35 and 40. 


•MATERIAL ANn -AIETIlOnS 

In order to determine wiietlier or not malignant cells can he found in tlic 
sputum of ))ntionts with metastatie pulmonnrj’ lesions and to determine ns 
nearly ns possible the aecurney of this diagnostic method, the case record.s of 
patient.s uhosc .sputum and hronehial seeretion.s had been examined for malig¬ 
nant cells at the Mayo Clinic were reviewed. 

Two groups of easc.s were included in the .study. The first group consisted 
of 400 cases in tvhieh e.vnminatiou of sputum and bronchial secretions for car¬ 
cinoma cells gave positive results. These were reviewed and the numlier of eases 
of proved or suspected mctn.stntic pulinonarj' tumoi’s tabulated. Only eases in 
which a tissue diagnosis of a primarj" malignant lesion elsewhere in the Imdy had 
been made were listed ns “proved ca.sas.’’ If a malignant tumor had been re¬ 
moved at another hospital hut no tissue was available for study or if the clinical 
and roontgeiiogrnphie findings indicated that a malignant tumor was present 
elsewhere in the body but resection was not carried out bccatiso of the prasenco of 
pulmonnrj- metastasis, the condition was listctl ns suspected hut not proved. 
Cases of lymphosarcoma, or carcinoma of the Inrjuix, pharjnx, and esophagus, 
were excluded ns not licing true meta.stasis. 

A second group of cases was reviewed and handled similarly. This group 
consisted of 488 miscellaneous cases in which c.xamination of sputum or bronchial 
secretion was performed and gave negative results. These cases were encoun¬ 
tered during the same period of time that 100 cases were reported bj- the lab- 
oratorj- as having malignant cells in the sputum or bronchial .secretion. 

Because of our findings in these groups, a pathologic study u-ns made of 
lungs removed at operation and at nccrojisj- in cases of sccondnrj- tumors of 
the lung. Sections wore made through the bronchi Avhich were grossly involved 
\vith tumor tissue, and parafiin sections Avcrc made for microscopic study. For 
purposes of comparison similar sections of primarj- bronehiogenic carcinoma, 
bronchial adenomas, and cj-Undromas Avero studied. 

RESULTS 

In the group of 400 cases in Avhich sputum or bronchial secretions were 
reported jmsitive for malignant cells were 16 eases of metastatic pulmonarj- 
malignancy. In 8 of these the diagnosis was proved bj- resection of the primary 
tumor and examination of tissue, in G it was stronglj- suspected because of 
clinical and roentgenologic findings, and in 2 the diagnosis was questionable 
since the site of the suspected primarj- tumor ivas unknoAvn, although the 
roentgenograms of the thorax were considered bj- the roentgenologist to bo 
tj-pical of pulmonary metastasis. These 16 cases included 8 cases of carcinoma 
of the breast and 1 each of carcinoma of the colon, carcinoma of the eerv-ix. 
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malignant teratoma of the testis, carcinoma of the prostate, papillary carcinoma 
of the thyroid, and carcinoma of the ovary. In the remaining 2 cases, the site 
of the suspected primaiy tumor was unknown. 

Of 488 patients who had miscellaneous conditions in which cytologic exam¬ 
ination of the sputum was reported negative, 30 were believed to have metastatic 
tumors of the lung. In 17 of these the diagnosis was proved by examination 
of tissue, in 10 it was strongly suspected, and in 3 the site of the primary malig¬ 
nancy was unlmown. Of the 100 patients whose sputum was reported as positive 
during the period in which these 488 patients were examined, 4 were considered 
to have metastatic tumors of the lung. Thus, out of a total of 34 patients who 
had proved or strongly suspected metastatic pulmonary malignancy, 4 were 
found to have malignant cells in the sputum and the remaining 30 did not; 
this gives a percentage accuracy of 11.8. 



Fig. 1.—Metastatic adenocarcinoma Involving bronchial wall. Intact surface mucosa may be 

noted (hematoxylin and eoaln, xll5). 


From these results, it would appear that exfoliation of carcinoma cells in 
the sputum is a rather rare occurrence in metastatic pulmonary malignancy. 
The relative infrequency of broncliial mucosal involvement by metastatic tumor 
is luidoubtedly responsible to a certain extent for the comparatively low inci¬ 
dence of malignant cells appearmg in the sputum. Even with gross bron¬ 
chial involvement, metastatic malignant tumors are unlikely to exfoliate cells. 
This fact wms brought out clearly in reviewing the case records of patients with 
metastatic tumors of the lung whose sputum and bronchial secretions were nega¬ 
tive for carcinoma cells. In 7 of these cases a specimen obtained through the 
bronchoscope proved to be malignant tissue, in 6 of these 7 cases a definite 
pol'vqioid tumor was visible bronchoscopieally. In 3 additional cases, in which 
resection wms carried out, gross bronchial involvement was evident in the speci¬ 
men in spite of which repeated sputum examinations had been negative. In 
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2 cases from wliieli malignant cells were iccovercd in the bronchial nashings, 
repeated examinations of Ri)utnm had been negative and the malignant cells 
were recovered only after the bronehial mucosa had been disturbed by bronebo- 
seopic biopsy i)roeedurc. Tbesc findings suggest that wben bronchoscopic biopsy 
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Uuf 01 tunately, the cells exfoliated by secondai’y pulmonary neoplasms en¬ 
countered in this study were not sufficiently distinctive to indicate their sec¬ 
ondary origin. Even in retrospect we were unable to determine the secondary 
nature of the exfoliated cells seen in the sputum of patients suffering from 



Fit- 3 —Metastatic carcinoma ot Ijronchial wall. a. Microscopic foci of tumor In bronchial 
mucosa (hemato.Kylin and eosin, xlOO). b. Edge ot polypoid tumor mass proJecUnsr Into bronchial 
lumen. The surface mucosa Is intact In boUi.cases (hematoxylin and eosin, xllo). 


secondary pulmonary tumors. It might be said, however, that if squamous cells 
or small cells are found in the sputum, the chances that the tumor is primary 
in the lung are excellent, as these cells are rarely seen in cases of metastatic 
malignant lesions of the lungs. 
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PATIIOl.OUIC PTfnY 

Tliesc olfscrvniioiis let! us to exnmiiie nioiv cni’orully the lungs removed nt 
oimmtion and nl iiecroi)sy in cases in which socondan- pulmonary tumors wore 
present. Our purpose was to detennino if possible what factor or faetors 



Fig. 4.—ilelftitatic malignano’ of bPoncliJol wall, ft. Tho polrpofd tumor nia«s I* covered 
a layer of hrallnlicd conDCctlve tiMOO (homatoxylln and oosln, XlOO). b. A rone of necrotic 
*iiaterlal sepamtoa tho tumor from tho bronchial lumen (hematoxylin and ooaln, x32). 

alight be responsible for tbc infre([uent occurrence of malignant cells in the 
sputum of tliesc patients. 

The most striking finding was the fi'ctinent observation that the bronchial 
epithelium mauitained its integrity over the surface of the metastatic tumor 
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even in the face of extensive broncliial involvement (Fig. 1). The epithelium 
vas frequentlj^ found to be flattened (Pig. 2, «) and in some areas to have 
undergone squamatization (Fig. 2, b), but its function as a protective epithelial 
eovei-ing was maintained and for this reason there was little opportunity for 
malignant cells to exfoliate. 



Pig. 5.—Metastatic fibrosarcoma to lung. «. Specimen showing polypoid mass projecting 
Into bronchial lumen, b. Histologic section through the polypoid tumor (hematoxylin and eosln, 
xlOO). 

Early and late stages of bronchial involvement by metastatic carciuoina 
are shown in Pig. 3, a and h. The bronchial mucosa shown in Fig. 3, a con¬ 
tains multiple microscopic foci of metastatic carcinoma. The metastatic tumor 
tissue shown in Fig. 3, h had produced a polypoid tumor mass measuring 3.5 
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cm. in dinmctcr. In Imtli instnnec.s the .surfnee mucosa remained intact and the 
examination of sinitnm was negative for carcinoma cells. 

In certain cases a polxTioid metastatic nodnlc was found in the bronchial 
wall with loss of the overlyinpt surface epilhelinni. Failure to obtain malifrnant 




FIff. I — a, Prlman' bronchloeenic cftrcinoma. •qaaoious-oell type, ihowlnj mallffnant 
CMnce m «arfac« eplthollurru Carclnoraa cell* can bo aeon free In the lumen of tno bronchua 
(hematoxylin and eoaln. x86). b. Bronchial adenoma. Note the flattened but Intact epithelial 
hninc ONtir the tumor (hematoxylin ond eosin. xlM). 


cells in tlie sputum was explained in 1 case (Fig. 4, a) by a layer of acellular 
connective tissue over the tumor and in another (Pig. 4, b) by a thick xone 
of necrotic material overl>Tng the metastatic malignant tissue. 
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Tissue from a surgically resected fibrosarcoma with a jiolypoid projection 
into the bronchial lumen is shoAnr in Fig. 5, a. A section through the polyimid 
tissue (Pig. 5, h) revealed a thick zone of necrotic tissue on the surface of the 
tumor which precluded the finding of malignant cells in the sputum. 

For purposes of comparison, a histologic section thi’ough the wall of a 
bronchus in a case of primary bronchiogcnic carcinoma is shown in Pig. 6, a. 
Since these tumors arise from the surface epithelium of the bronchus, every 
opportunity exists for the exfoliation of cells into the lumen from the free 
surface of the tumor. On the other hand, examination of sputum in eases of 
bronchial adenomas and cylindromas has yielded consistently negative results. 
These tumors, however, arise from the subepithelial mucous glands and an in¬ 
tact epithelial covering can usually be demonstrated over the surface (Pig. 6, h). 
The findings on pathologic examination, therefore, are essentially the same in 
cases of bronchial adenomas and cylindromas as in many cases of metastatic 
malignant tumors to the bronchus. 


SUJIJIARY 

The finding of malignant cells in the sputum in cases of metastatic i)ul- 
monary neoplasms is a relatively infrequent occurrence. 

Of 400 eases in which sputum was found to contain malignant cells, 16 
were eases of metastatic pulmonary neoplasm. Among 488 cases in which mis¬ 
cellaneous conditions were present and examination of the sputum for malig¬ 
nant cells was negative were 30 cases of metastatic pulmonary' neoplasms. Of 
100 patients whose sputum was reported as positive during the period in which 
the 488 patients were examined, 4 were considered to have metastatic tumor’s 
of the liurg. Thus, the percentage accuracy of sputiun diagnosis among 34 cases 
of metastatic tumor’s of the lung was 11.8. 

The irathologic explanation for the low incidence of positive results on 
sputum examination in secondar’j^ pulmonary tumors derived from this study 
is that the surface epithelium remains intact over the metastatic bronchial lesion 
irr many cases. A cover’ing of necrotic tissue in some cases and a protective 
acellular connective tissue layer in others prevent recovery of malignant cells 
in the sputum as often as would be anticipated, when the not infrequent oe- 
curi-ence of bronchial involvement in cases of secondary pulmonary tumoi’s 
is considered. 
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EXPEEIENCES WITH THE USE OF DIRECT AORTOGRAPHY IN THE 
DIAGNOSIS OF COARCTATION OF THE AORTA 

William H. Muller, Jr., M.D.,® Los Angeles, Calif., and 
Robert H. Sloan, M.D., Baltimore, j\Id, 

A dvances in the surgery of congenital cardiovascular defects have stim¬ 
ulated the development of more accurate methods of diagnosis. Coarcta¬ 
tion of the aorta does not usually present any diagnostic difficulties. It is made 
clinically upon the presence of sj'mptoms of hj^ertension, differences in blood 
pressures and pulses in the upper and lower part of the body, and roentgen¬ 
ologic evidence of notching or erosion of the inferior borders of varying num¬ 
bers of ribs. In most instances, the site of the coarctation is immediately distal 
to the origin of the left subclavian arterj’^. Howevei', it occui’s occasionally in 
another part of the aorta, or, in the infantile 13110 , several centimeters of aorta 
may be Involved in the coarctation. It is thus to the advantage of the surgeon 
to know as much as possible about the exact nature and location of the defect 
before operation is attempted. 

Roentgenologic contrast visualization gives more information about these 
lesions than an}^ other diagnostic procedure, and is carried out b}' the injection 
of a radiopaque substance into the cardiovascular system while serial roentgeno¬ 
grams are rapidly taken. 

Methods for contrast visualization of the aorta include: 

1 . The intravenous injection of Diodrast as developed by Robb and Stein¬ 
berg.^ This gives excellent risualization of the superior vena cava and right 
chambers of the heart. However, after the opaque media has passed through the 
pulmonar 3 ’’ vascular bed, it is frequently diluted to such an extent that proper 
contrast is not achieved in the aorta, and the point of stricture, therefore, not 
clearl 3 ' outlined. 

2. The retrograde injection of Diodrast through the left common carotid 
artery, as has been used by Freeman? and Stevensf' ® Burford and Carson,^ 
and others. This method gives greater contrast and more detail than any of 
the others. However, exposing the carotid aifeii'' would seem a rather formidable 
procedui'e to be used in the perfoimance of a diagnostic study. There is like- 
udse the possibility of injury to that artery, which in certain cases might result 
unfavorably. 

3. The introduction of an intravenous catheter into the ascending aorta 
through the right or left radial artery with the retrograde injection of 70 per 
cent Diodrast as described by Broden and associates* and Crafoord.^ Adequate 
visualization of the coarctation is usuall 3 " obtained. However, a relatively large 
amount of contrast substances is required, because much of it is dissipated 
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tlirough the left common cnrolid nnd left subclnvinn nrtorics Ijcforo the coarc¬ 
tation is reached. Also, there is the possibility of occluding the orifice of one 
of tlio coronniy' arteries witJi tl )0 lip of the catheter. 

Wc have employed n method only slightlj' different from the third men¬ 
tioned, but it appears to present advantages in some respects, nnd it is for that 
reason that it is being rcporle<l. This mctbo<l utili?:cs the left radial artery 
nnd permits the tip of the catheter to enter the descending rather than the as¬ 
cending aorta. The greatest concentration of opaque material is thus placed 
directly at the point of coarctation nnd pcnnil.s the use of a much smaller 
amount. 

TKFIINiqi’E 

Before (lie procftduro is pcrforniotl, 1 c.c. of n dilution of 1 part 70 por cent Diodraat 
In JO c.c. of mlino la injected inlnircnoualv to determine whether or not the patient is 
soniitim to it. Ncmbutnl nnd morphine sulfate are piren one hour before storting. The 
patient is plarerl supine upon n fluoT05eopic tnldo nnd the nntieubital fossa nnd volar surface 
of the left forearm prepared and sterile dmpes applied. Under local I por cent Noi’ocain 
anesthesia, a diagonal Incision about 2 to 3 em. in length is made beginning at the 
antieubitnl fosvi nnd extending distnlly over the course of the mdlal artery. Tlds artery is 
exposed nnd dlssectcl distnlly to its flrat Inrgo tributary. A iigntnr© is placed distally on 
this tributary nnd it is occlndc<l proximally by means of a small bulldog arterial clamp. A 
tmnsTcrso incision Is made in the occluded portion nnd the proximal lumen dilated with 
a mosquito forcop. The lip of a regular site 0 or 10 intmTonons catheter, through which 
liepariniwKl physiologic saline is running, Is then inlrodoccl Into It (Fig. 1). Thereupon, the 
bulldog clamp is removed and the catheter rapidly passes! until it mcNirts a slight resistance. 
This indicates that the tip of tho enthetor 1ms reoc)ie<l the abrupt downward turn of the 
subclavian artery into tiic nie<liaftinam or the coarctation itself, and can easily be determined 
by fluoroscopy at this time. If the fomior has occurred, the catheter is withdrawn for 
several contlmetors, the arm abducted to about 00*, and another attempt is made to pass the 
catliotor. This is usually successful and the tip is posillonol just within tho lumen of 
(he aorta (Fig. 2), If the coarctation hns been rcncheil, the cntiietor is withdrawn to a 
similar position. One should l>o extremely careful to nvohl forcibly passing tho catheter 
throngh any region of re.sistance. 

^Vhon tho proper position has been achieved, the patient is turned on the loft side and 
a preliminary lateral film is taken. If this Is antlsfoctorj-, 23 c.c, of 70 per cent Diodrast 
are then injected as rapidly as possible while seven serial films are exposed at intervals of 
about one second by means of an nutorantic casotte changer. If good vlsunlisatlon of the 
coarctation Is not obtained, tho necessary’ adjustments are mado nnd the injection repeated, 
a total of not more than 75 c,c. being given during tho entire procedure. A ligature is 
then placed about the artery while an assistant withdraws the catheter. Tlio skin and sub* 
cutanoous tissues aro closed with interrupted sutures. Ui>on returning to tho ward, 
penicillin is begun and the arm elevated. TJttlo discomfort is associate<l with the 
procednro. Immodintoly after injection of tho contrast substonce, there is a momentary’ 
rabsternal burning sensation followed by a gonernllred hot flush which lasts from one to three 
minntos. 

RESULTS 

From Jau. 1, 1949, to May 1, 1949, thirteen patients with coarctation have 
been subjected to tho procedttro in this clinic. One other had no angiographic 
study, because of a severe allergic reaction after the injection of the test dose of 
Diodrast. This patient’s history’ revealed previous, mild asthmatic attacks. 
Nino of the i)atient8 were adequately visualized, were thought to present only the 



138 


THE JOURNAL OF THORAaC SURGERY 



Fig. 1.—Dlagrarninattc drawing of the arteries of tlie left forearm. A segment of tlic first 
large branch of the radial artery has been occluded and a transverse Incision made In it. The 
tip of the catheter Is Inserted into the incision and passed up the brachial artery to the aorta. 



Fig. 2.—Diagrammatic Illustration of the aortic arch and coarctation of the aorta, demonstrat¬ 
ing the proper position of the tip of the catheter relative to the coarctation. 
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Flc. 3. FIf?. -1. 

FIs. 3.—Aortoffmm j'lwwlnc typo of ooarctotlon moxl froquenUy or>countero<1. Left wjb- 
datlan artery, aortic arch, nnd collateraJ circulation ore aUo demonstrated. 

FIr. —Aortoprnm demonstraOnc potent ductus arteriosus nssodatod with coarctAlIon of 

aorta. 



5 .—Aortosram demonetratJns nneuryam of lotercostAl arteo’ Immediately below area of 
coarctation of aorta. 
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usual type of coarctation, and were found at operation to be essentially the same 
anatomically as represented in the aortograms (Fig. 3). In one of the remaining 
four, a patent ductus arteriosus could be seen (Fig. 4). The fact that this was 
known before operation had no influence upon the actual manner in which it 
was performed. In one there was an aneurysm of the left first intercostal 
artery (Fig. 5) which could be seen preoperatively on the aortogram. In an¬ 
other, aneurj'sms of both first intercostal arteries were found at operation which 
were not visualized on the aortogram. It was thought that failure to visualize 
them was due to the fact that a relatively far posterior position caused them to 
be obscured b 3 ^ the adjacent verteliral bodies, and also because the patient was 
quite large and obese. In still another, a lO-.year-old bojq a dissecting aneurysm 
in the segment of aorta immediatelj’’ distal to the point of coarctation was present 
at operation, but could not be seen on the aortogram. Examination of the speci¬ 
men after operation revealed no defect or evidence of trauma in the intima of 
the proximal or distal aortic segments of the coarctation. However, the aneu¬ 
rysm appeared to be of recent origin, and because no other cause for its presence 
could be detennined, it was assumed to be related to the catheterization. Suc¬ 
cessful resection with an end-to-end anastomosis was carried out. 

DISCUSSION 

This method of aortography is not necessarily presented as the one which 
gives the most detailed x-ray visualization. However, it does have several dis¬ 
tinct features to recommend its use. First of aU, it is technically simple to per¬ 
form and does not require specialized instruments other than the catheter. It 
is of minimal discomfort to the patient, and a general anesthetic is not required 
except in small, uncooperative children. Because the left radial arteiy and con¬ 
sequently the descending aorta is catheterized, the possibility of the tip of the 
catheter entering the orifice of one of the coronarj^ arteries with its attending 
consequences is not present; also a smaller amount of opaque substance is re¬ 
quired, and the greatest concentration is placed at the site of the coarctation. 
However, on three occasions the tip of the catheter passed through the coarcta¬ 
tion and it was necessarj’- with a strain gauge manometer to determhie by means 
of the differential pressure relationships that existed as the catheter was slowly 
vdthdrawn, the proper position above the coarctation at which its tip should 
remain. Although we have in most cases employed an automatic rapid casette 
changer, and its use is highly desirable, the procedure may be carried out on any 
routine x-ray machine by exposure of a single film just before the injection of 
the contrast substance is completed. There have been no convulsions, paralj'sis, 
or other untow’ard reactions associated with the procedure except for a mild 
febrile reaction in the first two cases. They were found to be due to the pres¬ 
ence of pyrogens in improperly cleaned catheters and upon correction of this, 
no additional reactions were encountered. 

The method’s disadvantages include poor or no visualization of the ascend¬ 
ing aorta and first part of the aortic arch. Also, the resistance offered by the 
catheter to fluid on injection is greater than that occurring with a short cannula 



JIUIXEJ!, JR,, AND SLOAN; DIAONOSIS OK COARCTATION OF AORTA 141 

of the snmc cniiher. Thus, ii slower rale of injeelion of the opaque substance 
occurs. Filially, if the catheter is pnsswl injuiliciously there is some possibilit 3 ' 
of injuring the wall of the vessel. 

It is felt that the simplicity of the procedure, the minimal amount of danger 
and discomfort to the patient, and a high degree of assurance of obtaining ade¬ 
quate dcmonslration of the defect warrants its iwe in all patients with suspected 
coarctation who arc not sensitive to the contrast substance. 

SUMMARY 

1. Coaietation of the aorta is usiiall.v easil.v diagnosed. However, the point 
of stricture maj' occasionall.v occur in some portion of the aorta other than im- 
mediatcl.v distal to the loft subclavian arterj' and is liest demonstrated by con¬ 
trast radiography. 

2. A method of catheterization of the left radial artery and descending aorta 
followed b.v injection of 25 c.c. of 70 per cent Diodrast is presented. Using a 
small amount of opaque material a high level of concentration is placed at the 
point of coarctation and adequate roentgenologic contrast A-isualiration of this 
defect and other abnormal vc-ssels in the immediate vicinitj' is achieved. 

3. The procedure has been performed upon thirteen patients nith coarcta¬ 
tion of the aorta from Jan. 1, 1949, to Ma.v 1, 1949, at the Johns Hopkins Hos¬ 
pital with adequate demonstration of the anatomic defects before operation. 

4. The advantages and disadvantages of the method are discussed. 
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ARTERIOVENOUS FISTULA OF THE LUNG 

Euwik a. Lawrence, .vnd Wiluam R. Rujiel, M.D. 

Salt Lake City, Utah 

A rteriovenous fistulas in the peripheral circulatory system are not uu- 
common surgical problems particularly in the fields of traumatic and 
miliary surgery. Their pathogenesis, systemic complications, and surgical 
management are well understood, and the latter is usually attended with a 
great degree of success. Similar fistulas, however, in the pulmonary circula¬ 
tory system are I’are, and until recent years neither a correct clinical diagnosis 
had been reported nor a sueee.ssful surgical procedure performed upon them. 
Although they must occur with more frequency than the literature would indi¬ 
cate, they have not been widely recognized. 

The first case of a cavernous hemangioma associated mth secondaiy poly- 
cjdhemia was reported by Rodes^ in 1938. The patient was a 25-year-oid man 
who had cyanosis, clubhing of the fingers and toes, pol 3 mythemia, and x-ray 
evidence of nodules m the mid-portion of the left lung field. The patient suf¬ 
fered from intermittent attacks of hemoprtsis and eventuallj^ died of a mas¬ 
sive pulmonaiy hemon-hage. The post-mortem examination sliowed two caver¬ 
nous hemangiomas on the right and one on the left. Other, similar, nonoperated 
cases have been described by Smith and Horton* and Sisson and associates.* 
Characteristic findings in the clinical histories were the presence of c.vanosis 
of the skin and mucous membranes and clubbing of tlie fingers. The poly- 
e.ythemia and marked elevation of the hemoglobin content of the blood were 
other notable observations. 

The first successful surgical remoA'al of such a lesion was recorded bv 
Hepburn and Dauphinee'* in 1942. The patient Avas a 23-year-old Avoman Avho 
had had cyanosis and clubbing of the fingers and toes for eight years. Red 
blood cell comit varied between 9 and 9.6 million per cm., and Rie hemoglobin 
content of the blood between 21.8 and 22.8 Gm. per hundred c.c. The roent¬ 
genograms of the chest showed an infiltrating lesion in the middle and lower 
lobes of the right lung. A total pneuraonectom.A’- was performed. A j-ear later 
the clubbing had disappeared, and the patient was reported to be normal. 

Three reports of patients treated successfully with siirgery appeared in 
1944. Janes’s® patient had hemaugiomatous tumors in both lungs_, and a total 
of four of them were removed by local resection at two operations. The pa¬ 
tient of Adams, Thornton, and Eichelberger® Avas treated by a left pneumo¬ 
nectomy" because of masses in both lobes of the lung. Jones and Thompson'' did 
a right pneumonectomy". The ab.sence of a middle lobe and of a superior pul¬ 
monary" A"ein made their problem uniqiie. 

Pathologically", tAvo of these first four surgically" removed lesions exhibited 
cavernous .siniises and dilated vascular channels ly"ing in a mass beneath the 
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visceral i)lcum. Ojic sliowcxl multilocuintcd cnvitics with smootli liumgs commu- 
nicatinp with Kinnll nrlcrios and veins, and niiother, a branch of the enlarged 
puhnonnr}' artery tomiinaling in n cavity wiih a smooth lining, 7 by 7 by 8 cm. 
in size, branches from wln'eh communicated with tJie inferior pulnionarj’ vein 
througli snpcilicinl varicasities. 

Several oilier eases have recently been rcimrtcd in which the pulmonary 
lesions have been reseoted.*'^ Since there arc still problems in this abnormality 
wliich are not yet clearly understood, the folloAving two surgically treated ])n- 
tints arc prescntcil. 


CASE RElYlllTS 

Case 1.—TIjo i»alicnt 'wna on unmnrrlcil wonum, nged 30 }'car«, who on Aug. 

two, comjdnlnlng of fliortncr*!! of brcntli. Tlic illncun nt tlie time nho wns soon bnd 
started six yenrs proriously with nn attack of right-sldod pneumonia wltlu however, only 
a mild srstcmic reaction. An x-my oxnminotion of the chest had nt first l)Ocn reportc<l 
to show a neoplasm, hut tho sabs^uent films did not confirm this impression. 81iortIy 
tlioreaftcr she developed mild dyspnea which l>oenmo slowly but steadily moro i*eriou5 and 
culminated, six weeks previous to the first visit, in dvupncn nnrl orthopnea so severe that 
she rould not work and could not lie down to sleep. She wna also somewhat cyanotic and 
had mild edema of tlio nnkloa. Site was successfully treated with dlgitoxln and rest, and 
at tlie time of the first visit was comfortnblc under ordinar)’ conditions of activity. 

For many years slio had lind n mild chronic cough, productive of n snuill amount of 
clear, mucoid sputum and In recoat weeks a persistent mild temperature olevnticm. There 
wTis no history of pulmonary 05tcoarthroi>nthy. 

• Poxi IJixtory. —The patient had hod pneumonia lu tho right lung at tho ago of Ifi 
years following nn apj>endcctomy, A postopcmtlvo ventral hcmln hod been rci>aired on two 
different occasions. Tlicrc had l>cen no other serious illnesvses, Occidents, or operations. 

Family History .—Her mother had dic<l of carcinoma of tlie nfems. A matcmnl aunt 
liod died of carcinoma, of tlio Intestine and a mntonial uncle of carcinoma of the liver. 
Tlicre Avns no historj' of fnmUlnl tclnnppectnscs. 

Phytieal Firami'n/rtion.—The torapomtnrc wns PP.O® F. Tho pulse mto was 90 a minute. 
The rospirotoiy rate was 18 a minute. The blood pressure \vnn 140 mm. of racrcuiy, sv-a* 
tolic, and 70, diastolic. The |mllcnt \rxin nn obese, white woman who did not appear ill. There 
«tib no cyanosis. The skin was clear. The head, eyo.'^, eors, nose, throat, and neck were 
nonrul. The thorax wns sj-mmotricnl. There wns no tenderness. Tlie breasts were normal, 
and the chest expansion ^rtls normal. Tho breath sounds were normal on tlie left; they 
wore slightly suppressed nt the right base anteriorly, Intcrolly, nnd posteriorly. There were 
no rfiles. In the region of tlio right anterior axillary lino, extending from a point high In 
the axilla to the base and anteriorly and posteriorly ns well, llicre wns a loud, harsh bruit, 
synchronous with s^-stole of tho heart nnd jnftrkc<lly accentuated with deep inspiration. 
There was no thrilL The heart Avas not enlarged elmlcftlly. Tho heart sounds were regular 
rhythmical without murmurs. There ^vns n firm, surgical scar in the right lower 
qoQdmnt of tlio nlKlomen. The liver •was palpable but not tender. Tho spleen aud kidneys 
were not palpable. Tlicre was no nlKlominal tenderness, and there were no masses. Tlierc 
irns no clubbing of the fingers nnd toes or cMlenm of the ankles, Tho freight was 17- jKiucds, 
X-Hay and Fluoroscopic Examination. —Roentgcnognim of the cliest taken in July, 194(5 
(Fig. 1, .4 and H), showetl mlniimil cnnliac eiilurgcmont, nn unusually hirgn right pulmonary 
nrtciy, and a roundoil nmss ut tin* right Imse nntcriorly. Floorowopicnlly the artery was 
unusually active, l^ilsalioas were thought to Ih* present In (he mnss, A diagnosis ■was 
made of a jirobnlilo nrteriovcnoim fistula in tho lower lobo of the right lung. 

The patient ^vns placed on au antiobesity diet and admitted to the hospital on Sept. 17, 
1940, haring lost twenty pounds. Condition and general physical examination otherwise 
were the samo os when she avhs first seen. 



144 


THE JOURNjVL of THORACIC SURGERY 


Laboratory Examinations.—The red blood cell count was 4.6 million per c.mm.; hemo¬ 
globin content of the blood was 14.5 6m. per cent; white blood cell count was 8,800 cells per 
c.mm.; arterial oxygen content was 19.40 volumes per cent; arterial CO, content was 4.1.00 
volumes per cent; and the total blood volume was 5,320 c.c., the plasma volume being 2,818 
C.C., and the cell volume 2,502 c.c. 

The electrocardiogram showed a right axis deviation. 

Bronchoffraphy.—Broncbograms of the right lung showed normal bronchial filling with¬ 
out displacement of any of the bronchial segments. 

Bronchoscopy.—There was slight reddening of the mucous membranes in the rigid 
bronchial tree, but all bronchial orifices were normal with no displacement or rotation. 



A. B. 

FIs. 1, A and B (Case 1).—Posteroanterlor and right lateral chest films. A shadow In 
the right lower lung field Is apparent. The large vessel leading to It from the right hllum 
could be seen pulsating violently when the patient was examined fluoroscoplcally. 

Operation. —A right lower lobe lobectomy was done on Sept. 24, 1946. Cyclopropane 
anesthesia was used with sodium pentothal and curare as induction agents. The pleural 
cavity was entered through the bed of the seventh rib. There were friable, fibny adhesions 
throughout the pleural space. In the anterior basilar segment of the right lower lobe there 
was a soft pulsating mass, 7 cm. in diameter. A rough tlirill was palpable in it. Both 
the inferior pulmonary vein and the right lower lobe artery measured 3 cm. in diameter. 
A lobectomy was done without difficulty. Between the time when the artery was divided 
and the vein ligated, but not yet divided, the aneurysmal sac became more full and tense 
suggesting that the bronchial artery contributed to its filling. The broncliial artery was 
.75 cm. in diameter. The operation was uneventful. A catheter for drainage was left in 
the pleural cavity at the end of the operation. 

Postoperative Course. —The postoperative course was satisfactory. The drainage tube 
was removed on the third day. The red blood cell count varied between 3.35 and 3.72 million 
per c. mm. and the hemoglobin content of the blood between 9.5 Gm. per cent and 11.5 
Qm. per cent. The patient was discharged from tlie hospital at the end of the second week 
in good condition. 

Gross Pathology. —The specimen consisted of the right lower lobe of the lung (Fig. 2). 
On cut section there was a cystic space in the anterior basilar segment of the lower lobe, 
6 cm. in diameter, that had a thin wall and a smooth glistening lining. The basilar segment 
branch of the lower lobe artery was 1.5 cm. in diameter. It coursed behind the cyst to its 
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inferior portioa whore It opened directly Into Jt. Another bmneh of the artery olao opened 
Into It after pursnlnp a dcvlotu* oourw through pulmonary tiwne. The cyatic structure had 
a direct opening into the inferior pulnionary win. 

Microscopic Votholngy .—The wall of the nrterj' showed thickened and hyjHTrtrophfc 
media, and the wall of the sac resctnbletl vein. 

Uospital Heailmission .—The patient rctumetl to the hospital on Jan. 12, 1947, stating 
that for two weeks sho hnd had a nonproductive cough, right-sided chest pain, ankle edema, 
and intermittent fever, all of a mild degree. On oinminatlon there was no cardiac enlarge¬ 
ment, and the sounds were regular and rhythmical, but there was an inconstant, harsh, faint, 
systolic murmur audible only in the nortic aren and transmitted to the vessels of tJie neck. 
Both lungs were clear to percussion and auscnltntlon. The Hrcr was 3 cm. below the costal 
margin In the mldclarieulnr lino and was slightly tender. 
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^ Elsr. 2 (Case l).—Oross specimen. The rtcht loivor lobe has been cut and opened like 
a book. The lartre vcasol adlaccnt to the sao la the lobar arter>-. The arrow Indicates the 
opening of the aac Into the Inferior pulmonair vein. 

X-ray examinations of the chest showed a heart of normal sixe. Tliore was a prominent 
rounded bulge in the right hilar region, probably the stump of the lower lobe artery. There 

cloudiness in the region of the right costophrcnlc sulcus and the right diaphragm tvas 
slightly higher tlian normal The electrocardiogram was normal. The red blood cell count 

5A million cells per e. mm. of blood, and the hemoglobin content was 16.5 Gm. per cent. 
I^aring the hospital stay the patient had no fever, cyanosis, edema, elevation of the wliite 
hlood cell count, cougli, or chest pain, and was discharged three days later. Slie has remained 
Id good health, but the murmur persists. 

Case 2.—Tho patient wni a 50-ycar-old white man who was admitted to the hospital 
on Jan. 15, 1947, witliout specific complaints. During the coarse of a pre-employment 
physical examination a roentgenogram of tho cliest was taken on Nov. 11, 1946, which 
showed a tumor of tlio right lung. TI»e patient denied cough, dyspnea, orthopnea, he¬ 
moptysis, weight loss, cj-nnosis, or fever. He hml bad rare episode* of constricting pain in 
the right anterior chest lasting one to two minutes and radiating to tho right mldaxlllary 
region. 

Post and Family History .—These were irrolevant. Of note, however, was the fact that 
the patient had worked as a laborer without difficulty for many years. There was no history 
of familial vascular tumors. 

Physical Examination .—The temperoture was 98.6® F. The pulse rate was DO. The 
respiratory rate was 18. The blood pressxire was 110 mm. of mercury, systolic, and 70, 
diastolic. The patient was well developed and nourished. The skin was clear. There was 
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cyanosis of the skin of the face, liands, and mueovis membranes which was accentuated when 
the patient was in the recumbent position. The head, eyes, ears, and nose were normal. 
There were moderate dental caries and severe pyorrhea alveohiris. The neck was normal. 
The chest was barrel-shaped. Expansion was symmetrical. Anteriorly, on the rigid, there 
was dullness to percussion below the level of the fourth rib witli decreased breath sounds and 
vocal fremitus. There was a bruit in the right chest anteriorly audible from the second 
to the fifth rib and laterally to the anterior axillary line. It was synchronous with systole 
of the heart, its intensity varied from day to day, and it was accentuated by deep inspiration. 
There was no thrill. There were fleeting, dry, crackling rfiles at both bases. The heart was 
not enlarged. The sounds were regular and rliythmical without murmurs. The abdomen 
was soft and flat throughout without tenderness or masses. The liver, spleen, and kidneys 
were not palpable. The rectum was negative. There was a soft, translucent mass, .S cm. 
in diameter, at the upper pole of the left testicle. Slight clubbing of the fingers and toes 
was present. The weight was 170 pounds. 



A. B. 

Fig. 8, A and B (Case 2).—Posteroanterlor and right lateral chest films. The shadow is in 

tlie vicinity of the right middle lobe. 


Laboratory Examinations .—The laboratory data were as follows: the red blood cell 
count was 6.16 million per c.c. of blood; white blood cell count was 6.200; hemoglobin con¬ 
tent was 19.5 Gm. per cent; serum total proteins tvere 7.3 Gm. per cent; hematocrit was 64; 
circulation time (calcium gluconate in right basilic vein to the tongue) was eleven seconds; 
venous blood CO, was 49.75 volumes per cent; venous 0; was 9.48 volumes per cent; arterial 
CO, was 42.15 volumes per cent; arterial O, capacity was 25.67 volumes per cent; arterial O, 
content was 22.75 volumes per cent; arterial blood oxygen saturation was 88.6 per cent of 
normal; total blood volume was 8,780 c.c.; cell volume was 5,135 c.c.; the plasma volume was 
3,645 C.C.; respiratory quotient was .622; the coefficient of 0, utilization was 56.3; venous 
pressure was 200 mm. of water and the vital capacity was 4.3 liters. 

X-Eay and Fluoroscopic Examination .—Eoentgenogrum of the chest (Fig. 3) showed 
an oval tumor mass in the anterior portion of the right lower lung field, probably in the 
middle lobe, and an enlarged blood vessel passing to it from the hilum. Fluoroscopically, 
the mass could be seen to pulsate and the artery was unusually active. 
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Anylofrmnw \Tpro <lono on two (lifTorcnt orcasionji (Pig. 4, A and B). Fiftj cubic centi- 
mctcni of 70 jkt cent I)io<lmflt were emi»lo,\*cO cneb time, and tbo fUma were taken imme¬ 
diately after tlic Injoi'tioM and ut one and two seconds later. The DlCHlmrt pawed immo- 
(Jiately into the mnw, intenFifyini; itR Rhmlow nnd outlining the artery vmll. In addition, a 
«>cond Te#.«el, presnmetl to Ik* vein, pould be wen pawing l)etween the hilura and the mass. 

Bronchn.tefiity ,—Tliip procedure coniributoil little except that it pliowcd rodnesi of the 
niucons nicmbmne in the right bronchial ayrteni nnd broadening and blunting of the major 
Carina. 



A. 

Fin. 1 (Cnjm 2).—A, This cxtwmiro wiin taken one second after the Dlodraet hart been 
inJecttx]. The Dlortnisl is henlnnlnc to onus ihrouBli the anc nnd domonstruto# two blood vc«- 
ws leadlnR- to Jt 

O, One second Inter. The Dlodmat has ncc«‘ntunted tlic sac nnd lins passed Into the 
flnialler pulmonarj- \'c**c1h. 

Oiicraiiun ,—A thoracotomy waa performed on Feb. 4, 1W7. A cj’atic atructaro, meas- 
oring 5.5 by 6 by 8 cm. in site, lay lmnie<lla(ely l»enenth the ploum in tlio anterior portion 
of the middle lolw. A thrill antis palpable in It nnd wn\T?a could be seen passing tlirough 
It witli each s)-8toHo contraction of tbo heart. TIio superior pulmonorj' vein menaured 
3 cm, in dinniotor. llecnusc of the large siw» of all tlie branches of this vein, suggesting 
that there might be a bmocli of tlto upper lolw artery entering the anourj-sm, and because 
of the proximity of the sac to tho horitontnl inlcrlolmr flasuro it was decided it would bo 
hot to remo\-o Itoth tho upper and middle loltes. This atos done Arithout difficulty. An in¬ 
tercostal catlieter was placed into tho pleural cavity for drainage at the conclusion of the 
procedure. 

Bosloperaiite Course. —The jmtient developed a serious atelectasis in the right lower 
lobe on tho first postoperative day tlnit requlretl repeated intrutracheal aspirations before 
It was controlled. Ultimately tho lower lobe expanded wtII, and at the time of the patient’s 
discharge from tho lios|dtnl throe AA-ccks later, it had completely AUchI the right thoracic 
cavity. TIj© catheter was renjoved on the third iwstoperatiA’O day. Tho temperatnro reached 
normal on the tenth postoperative day. At the time of discharge the rod blood cell count 
was 5,590,000 per c. mm.; the hemoglobin content of the blood was 16.0 Gm. per cent, and 
tlio hematocrit was 49.8. 
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One month later the patient returned to tlie hospital witli jaundice thought to be 
due to a delayed serum reaction from the blood transfusions administered at the time of 
the operation. It cleared slowly, and the patient has remained well until the present time. 

Gross Pathology.—X unilocular cyst occupied a large part of the middle lobe and 
compressed the surrounding pulmonary tissue (Pig. 5). The middle lobe could be dis¬ 
sected from tlie upper lobe without difficulty and there were no vessels extending from the 
upper lobe into the cyst as had been feared at operation. The middle lobe artery was G 
mm. in diameter. It entered the superior portion of the lateral wall of the cyst. The 
middle lobe vein was 1 cm. in diameter. The intima of the artery showed slight atheroma¬ 
tosis. 



Pig. 6 (Case 2).—Gross specimen! The upper lobe Is on the left, the middle lobe on 
the right. The lower left Indicator passes through, the arterial branch to the sac and the 
upper right through the venous. 

Alioroscopio Pathology .—Tlie wall of the arterial brancli to tlie sac was essentially nor¬ 
mal. However, near the expanded portion of the sac the normal smooth muscle of the 
artery disappeared and was replaced by fibrous connective tissue except for occasional 
bundles of smooth muscle and a few elastic fibers. Sections through the cyst wall itself 
showed uneven thickening of the intima and occasional calcified atlieromatous plaques in 
the fibrous connective tissue wall. Only rare bundles of smooth muscle and elastic fibers 
were seen. 


DISCUSSION 

Several facts about these and the previously reported cases raise interest¬ 
ing points for discussion and speculation. It seems definite that the lesion 
is of a congenital character. Goldman,among others, is of this opinion and 
has emphasized the hereditary nature of this anomaly as ivell as its frequent 
coexistence with other visible telangiectases. Yet neither of our patients gave 
any family history of vascular abnormalities, and neither had other recog- 
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nizablo telangioetnscs. SevomI of the patients have not liad the usual tj'pe of a 
cavernous hemanpioma hut have had large cystic aneurj’sinal stntetures tvith 
which both a branch of the lobar arterj' and veui communicated. It has not 
yet been pos-sible to determine wlietber this is the same type of lesion with the 
same type of etiology- and origin ns the cavernous hemangioma. Purfhermore, 
no relationship has Iwen established between the degree of polycythemia and 
cyanosis and the pathologic type of tbo lesion. 

The effective size of the arteriovenous shunt presumably determines tlie 
degree of unsaturation of bloo<l returning to the left heart, the cyanosis, the 
secondarj" polycidhcraia, the increased blood volmne, increased cell volume, 
and the increase in the hemoglobin content of the blood. Yet our first pa¬ 
tient with a lesion quite similar to the second, did not have these associated 
changes in the peripheral blood. The explanation that the elfccti^•e sire of the 
shunt in her was not sufSeient to cause them does not seem adequate since 
there were direct communications between the sac and the piilmonarj' arteries 
and vem. The character of the bronchial arten,- found at operation, and its 
apparent anastomosis with the sac may be significant. We are unable to say 
whether this connection with the sae was a direct one or through the pulmonary 
capillary system, yet it is possible that this association may have been a factor 
in explaining the absence of the expected blood changes. Jlaier and associates” 
have suggested that the bronchial arteries may play a role in suppl.ving blood 
to a fistula, but ns far as we arc aware the evidence for this concept has not 
been as clear in any of the other reported cases as it was in this one. 

The oocasional mistaken diagnosis of polyajlhemia vera in the early re¬ 
ports, and the use of thernpeutie measures for that disease is understandable. 
However, a patient with a pulmonary tumor visible by x-ray examination, who 
has an audible bruit, cyanosis, and clubbing of the fingers and whose blood 
studies show polyc.vthemin, increased hemoglobin content of the blood aud 
normal platelet and white blood cell counts should be considered to have an 
arteriovenous fistula in the lung whether or not other signs and symptoms 
are present. Blood volume and oxygenation studies of the arterial blood ofl'er 
confirmatorj' evidence. Other interesting diagnostic aids are the Valsalva and 
MOller tests. Lindgren” has emphasised their importance and the fluoroscopic 
changes in the sacs when they are applied. 

The deaths of some patients from pulmonarj' hemorrhage and other com¬ 
plications such as hemoptysis and sjTiiptoras of mild cardiae failure indicate 
the danger from the abnormality. Surgical resection is the indicated treat¬ 
ment and should be performed wherever possible. 

SUIIMABY 

Two cases of arteriovenous fistula of the lung which were surgically re¬ 
sected arc reported. 

The aigms, symptoms, and diagnostic criteria of this anomaly are discussed. 

One patient did not have the polycythemia and associated blood changes 
usually observed in this abnormality. It is suggested that a connection be- 
hvecu the bronchial artery' and the ancinysmal sac may offer the explanation 
for this fact. 
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THU 1’]{KVUNTI0N OF SI'HKAI) DUIilN'H iniLMONARV ]?U.SECTrON 
HV THK USK OF A DOUBLU-LrJIEX CATHETER* 

ViKiNO Oi.ov E.iUrk, JI.IX, AND Enic C'AniJiNS, 5[.D. 

STocKiiot.M, Sweden 

S INCE Ibe introduction of clicmothempy and nntiI)iotica in coml)inntiou witli 
postural dminnpc it has Ikk-ii possible to reduce the amount of sputum to 
practically notliinK in manj" cases witli suppurative pnlinonarj- disease before 
the operation. Tliero are, however, eases of lonpstandin" saccular bronchiectasis, 
chronic lung aliscc.ss, secondary' suppuration Ijchind a hronchiogcnic carcinoma, 
and pulmonarj' tuberculosis, in which the amount of sputum is reduced by 
prolonged preopemtivc treatment but still remains at a comsidemblo level. And 
there are ea.ses which seem to be completely dm’, and yet pressure on the dis¬ 
eased portion of the lung during the operation will result in flooding of purulent 
material. In a grouj) of 125 eases of pulmonmy resections from 1037 to 1947, 
Jloody found spreads in 21.7 per cent with 5 dcatlis dne to the spread. 

An active control of the secretion during the removal of the infected part 
of the lung tissue is therefore necessar.v. The oldest and most commonly used 
method for that purpasc is repeated tracheobronchial aspirations by catheter. 
This method alone i.s, however, not entirely satisfactoiy. The danger of spread 
is probably considerably decren.sed with the prone imsitioning of the patient 
during the operation as advocated by Ovcrholt. This is breuglit about b.v gravity 
drainage of the secretions and the preservation of the cough reflex through the 
use of local anesthesia, hut the danger of spread still exists. 

Still there is a need for some incchanienl device which trill prevent tlie 
flooding of unatTcctcd lobes with pus or blood from sudden hemorrhage during 
the operation. .Such instruments have been constructed according to two diflfor- 
ent principles: 

1. The healthy lung has l)een separated from the diseased by the use of an 
endobronchial anesthetic tube nith an inflatable rubber cuff (Gale and Waters, 
1931, and Jlagill, 193G). 

2. The main bronchus to the disca.scd lung has been occluded (Crafoord, 
1938, Holton, 1943, and lloody, 1947, 1948, and 1949). These different methods 
arc reviewed by lloody, 1948 and 1949. 

At the Sabhafsberg Hospital in Stockliolm, the Crafoord technique of 
bronchial tamponade has been used in about 600 cases and has on the whole 
proved satisfactorj' in most cases. But there have been cases in which the 
tamponade has slipped out of place and obstructed both main bronclu, and it 
had to bo removed quickly. When ideally applied, the tamimnado should permit 
gas exchange but not allow the secretions to pass through. If the tamponade is 
too flrmly packed or has been moistened by the secretions, the gas exchange to 


From tha Surgical Clinic of S*bbat*beri: Hoapital. Suriraon In Chief, ProfeMor C. Crafoord, 
40(1 the Oto-LaryniioloBlc Department. SnbbataberB HoepluU, Chief, Dr. lied. O. Ohn g r en . 
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_ •The catheter dcicribod in thl» paper waa made by TrolIeborCT Gummlfabrlk, Trellebonr. 
Sweden, ami la obtainable from A. B. Stille-Wemep, Stockholm 4, Sweden, 
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the diseased area wall be diminished to a minimum and he of no value in 
oxygenating the patient. It is sometimes difficult to compress the lung, since the 
gas remams behind the tamponade and keeps the lung distended to such a 
degree that it hinders the surgeon. 

Both these disadvantages are avoided with the endobronchial balloon 
devised by Moody. The bronchus to the diseased lung is obstructed by a balloon 
encased by a metal holding apparatus with numerous protruding small points. 
The latter are embedded in the bronchial wall by inflation of the balloon, 
preventing its slipping back into the trachea. Suction can be applied through 
and distal to the balloon and atelectasis of the portion of the lung to be resected 
can therefore be achieved. Bronchoscopy is necessarj’^ for introduction of the 
balloon. An ordinary endotracheal tube is then inserted. In a series of 44 
cases, Moody reported that the balloon slipped out of place in 1 case. There were 
6 cases with contralateral spread, 1 of which was fatal. In 33 cases of 44 the 
instrument was considered to function satisfactorilJ^ The instrument is not 
applicable in upper lobectomies. 

No instrument so far has been devised to prevent the spread of purulent 
secretions finm the right upper lobe. 

THE USE OF THE DOUBLE-LUMEN CATHETER TO PREVENT THE SPREAD OF PURULENT 

SECRETIONS 

In 1949, one of us (E, C.) devised a new flexible double-lumen catheter for 
bronchospirometry (see Pig. 1). 

The catheter is made of rubber of approximately tlie same rigidity as an 
ordinary urethral catheter and provided mth a small hook that is automatically 
engaged by the carina. The inner diameter of each lumen is 7 mm. in the 
catheter for men and 6 mm. in the one for women. The catheter is introduced 
rmder topical anesthesia without the aid of fluoroscopy or bronchoscopy. 
Under mirror guidance it is introduced over a curved metal stylet. The rub¬ 
ber hook is tied down to the catheter ivith a silk thread until it has been passed 
through the larynx, when the slipknot is untied. The catheter is then turned 
90 degrees to the left and is gently pushed doAvnward. During the introduction 
it exerts a slight pressure on the left tracheal wall and therefore automatically 
enters the left main bronchus. It is then easy to feel when the hook is engaged 
by the carina. Now the cuffs are inflated. Then anesthesia and suction can 
be applied to each lung separately. 

The hook and the two rubber cuffs will maintain the catheter in correct 
position. It has been used for bronchospirometry in more than 100 cases with 
satisfactoiy result. The introduction is easy and the tube is well tolerated even 
for prolonged examinations during exercise tests. 

Since November, 1949, the double-lumen catheter has been used in 20 
cases of pulmonaiy resection. The method has been found so satisfactory that 
its use will be continued. 

Most of the advantages of this method were well demonstrated in the first 
ease in which it was used. This case is therefore described in detail to illustrate 
the technique. 
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A W-ymr-old mnn hnd had 15 pncainoniits on the riplit }<Ido since 1D41. In April, 
1049, a 4 by 5 enu cavity nitli n fluid level inia demonstrated in the posterior sepment of the 
right upper IoIk*. Tubercle IwicilH could never Iw demonstrated. BronrhoKopy sliowod an 
inflammntorj* reaction and n considerable amount of accretion in the bronchus to the posterior 
segment of the right upper lobe, but othemdso a normal bronchial tree. 



1-—DJaproni of the Oouble-lumon catheter In poelUon. Notice tho small rubber hook that 
is aatomaUcallj' ciiffairc4l by the carina. 

Intcnsiro medical treatment with penicillin and streptomycin both parentcrnlly and by 
Inhalation as well os sulfonnmide therapy was Instituted. After seven montluj of medical 
treatment, the sputum still remained nlwve 100 ml. per day nnd the sire of the abscess had 
not dlminUhesl. Tlio patient also suffered from n severe asthma and had a pronounced 
emphysema ns sliown by tho following values of the respiratory function: 

Vital capacity 2,330 ml. 

Residual capocity 2,440 mb 

Total capacity 4,770 ml. 

Tlie residual capacity was as much as 51.2 per cent of tho totnl capacity (normal value 
2S± 2,5 per cent). 

The Operration .—After topical anesthesia with 2 per cent Pantocain in pharynx, larynx, 
trachea, and the main bronchi, the double-lumen catheter was introduced and both lamina 
connected with the anesthesia apparatus. General anesthesia was induced with pentothal and 
continued with nitrous oxide, oxygen, and curare (see Fig. 2). 

Tlie rigiit side of the chest was entered through the bed of the sixth rib. From this 
timo controlled respiration was maintained to the left long only by the use of the spiro- 
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Flff. 2.—In the beginning- both lungs are connected with the anesthesia machine. 

Fig. 3.—AVIien the chest Is opened, anesthesia is given to the unoperated lung only. The 
right lung Is atelectatic and immobile, increasing the operating space. and facilitating the 
separation of the Uing from the chest wall. Continuous suction is applied In the right bronchi. 

Pig. 4.—After separation of the lung from the chest wall the dissection of an Incomplete 
fissure ivas found dtffloult on an atelectatic lung. 
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. 6.—BoUl lunp» ure connecte^i wJth the sneatheala machine. The eeparntJon of lobce 

in U30 fUsure waa facilitated by the inflation of the lunp. 

w,,.. ®’—The left lunc only le connected with the aneathosUi machine when dlsaection of 

hllam la carried out. 

both lun^^'—wmpifitlon of the rlcht upper lobectomy the aneatheela waa continued on 
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pulsator. The tube to the right lung was disconnected and left open. The right lung then 
became atelectatic and was held out only by dense adhesions over the diseased area (see 
Fig. 3). 

Thus, more operating space was obtained in the right chest, facilitating the separation 
of the lung from the chest wall, wliich had to be done in the extrapleural plane. During the 
handling of the abscess-containing area, a copious amount of purulent material emptied out 
into the major bronchi and was removed by continuous suction with a plastic tube introduced 
through the open right lumen of the double-lumen catheter. During this procedure the right 
lung did not move at all, which furthermore contributed to the prevention of spread. 

'Wlien the lung had been completely separated from the chest wall, the dissection of an 
incomplete fissure between the lobes was found difficult on an atelectatic lung (see Fig. 4). 
Therefore, when all secretion had been aspirated from the bronchial tree, the right lumen of 
the catheter was eomiected with the anesthesia mncliine. The right lung was thus inflated, 
facilitating the separation of the upper lobe from the middle and lower lobes in the fissure 
(see Fig. 5). 

Then again, the right tube was opened, rendering the lung atelectatic during the dis¬ 
section and division of the vessels and the bronchus (see Fig. 6). It was now found that the 
patient had such a decreased pulmonarj' reserve, that prolonged one-lung anesthesia produced 
a pronounced cyanosis. The right lung was therefore inflated for short periods at intervals, 
which diminished the cyanosis. 

Wlien the right upper lobe lobectomy was completed, the anesthesia was continued on 
both lungs (see Fig. 7). 

The double-lumen catheter remained in place for six and one-half hours. The patient 
recovered and the result is considered satisfnctorj’. 

There were 2 cases with right upper lobe suppuration behind bronchiogenic squamous- 
cell carcinomas. Left-lung anesthesia was continued throughout the operations. The right 
lungs were atelectatic, which greatly facilitated the division of adhesions and the extra¬ 
pleural separation of the diseased lung tissues from the chest wall. Although one of the 
patients had no sputum before the operation, a considerable amount of purulent material 
was aspirated through the riglit part of the double-lumen catheter during the operation. 

WTien the bronchus is ready for division and the bronchial tree is dry, the catheter is 
pulled out 1 cm, for right side pneumonectomies and 5 cm. for left side pneumonectomies to 
avoid injuring the catheter when the clamp is applied to the bronchus. 

The anesthesia is then continued to the remaining lung through both lumina of the 
catheter and only the proximal rubber cuff is inflated. 

Seven more pneumonectomies were performed with the technique described, 3 on the 
left side and 4 on the right side, 6 of them for bronchiogenic carcinoma and 1 for cystic 
lung disease. 

Two more lobectomies were performed vrith the aid of the double-lumen catheter, 1 
right middle lobe lobectomy for tuberculosis and 1 right lower lobe lobectomy for bronchi¬ 
ectasis. In 1 ease with a tuberculous cavity in the apical segment of the left lower lobe, 
a segmental resection was performed. In all cases the result has been satisfactory, the 
catheter has remained in place and has prevented spilling over of purulent secretion. 

Indications .—The method described is recommended in anj'^ resection for 
suppurative pulmonarj^ disease including bronchiectasis, lung abscess, bronehio- 
genie carcinoma, and adenoma vrith secondaiy suppuration and tuberculosis. 
Arteriovenous aneurj^sm of the lung tvith the danger of intrabroncbial hemor¬ 
rhage during the operation is also considered an indication. Also, in enucle¬ 
ation-resection of benign lung tumors, the double-lumen catheter is advocated 
because of the ease in production of atelectasis of the tumor-containing lung 
during the enucleation. 
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Bilnlcrnl lironeliicctnsiH Ls not oonaidercd n contraindication. There arc 
often dense adhesion.s in the diseased area of the hinfr, whieli ai'C more easily 
divided wlicn the hmp is atelectatic, and the handlins of the hronchicctatie 
lolie will produce a floodinR of purulent scei-ction which is prevented from enter- 
infi the other side. IJcpeateel aspirations by a small eatheter on both sides is a 
necessity. 

It is true that when the ntclcctn.sis is produced, a eonsiderahlo amount of 
blood is passing nonventilated lung tissue. Thu.s an arterial o.sj’gcn deficit 
will result. In eases until a verj’ low respirator}' rc.scn'c, this arteiial o.V}'gen 
deficit is sufficient to produce a pronounced eynno.si.s, ns in the first case de¬ 
scribed. Inflation of the atelectatic lung for short periods at intervals is then 
nccessnr}'. 

RUilMARY 

The douhle-lumcn catheter has been adopted for the prevention of trans- 
bronchial spread during pulmonnr}' resection. Oue-hmg anasthesin uith atelec¬ 
tasis of the lung to be operated will promde more operating space and facilitate 
the separation of the lung from the che.st wall. Purthermore, there mil he less 
movements of the diseased part of the lung, which \vill contribute to diminish 
the danger of spread. 

Continuous suction can he applied to the bronchus draining the diseased 
area. The lung can bo inflated when desired. 

The method has proved satlsfactoo' and is considered to be the best way to 
prevent spilling over of punilent .secretions or blood from a sudden hemorrhage. 
It is the only method that can lie applied in cases svith suppurative disease in 
the right upper lobe. 
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CONSIDERABLE lAIPROVEMENT FOLLOWING EXPLORATORY 
THORACOTOMY IN TAVO CASES OP TETRALOGY OF FALLOT 

Oli\ter W. F. Monod, Elie H. Kateb, and Michel F. A^andooren 

Paris, Prance 

T he Blalock operation has been performed by us for twelve patients having 
the tetralogy of PaUot, with one death. In two other patients an anastomosis 
could not be accomplished; extensive vascular pleural adhesions wei'e divided 
and considerable dissection was carried out in the mediastinum; both these 
patients attained a large measure of impi'ovement as to the signs and sjnnptoms 
of their disease. The three operations in these two patients were easilj’’ borne. 
The improvement in the patient who had two operations was similar to that 
following a successful anastomosis, although it took a little longer to complete 
itself. 

case reports 

Case 1.—C. B., bom on June 6, 1934. The parents first noticed dyspnea, cyanosis, 
cliilliness, polydipsia, and occasional fainting when the patient was G months of age. The 
mother had had no infectious disease or trauma during pregnancy, and delivery was on time 
and normal. 

Preoperative examination, Dec. 9, 1948, was of a 14:-yenr-old child of noraial physical 
and psychic development. A systolic murmur was heard paraateraaUy in the left second 
intercostal space and the liver was enlarged. An excess of salts and bile pigments were 
present in the urine. The x-ray film showed enlargement of the right auricle, a slightly 
concave pulmonary conus, and an aorta descending on the left side. In the left anterior 
oblique position, the subaortic window was clear. 

With angiocardiography the pulmonary artery was best filled during the fifth second. 
There was apparently a stenosis of the main pulmonary arterj- and a relative dilatation 
distal to the stenosis. The left auricle and ventricle were opaque only during the ninth 
second. 

The ocular fundi were normal except for slight venous dilatation. The blood count 
showed red blood cells, 5,020,000 and white blood cells, 3,800. The oxygen saturation of 
the arterial blood was 69 per cent (Haldane’s method); the sedimentation rate was 7 mm. 
in twenty-four hours, which is low. 

Operation, right anterior approach, was on Dec. 14, 1948. Seventy minutes were needed 
to divide extensive vascular adhesions between the lung and upper mediastinum and to free 
the right pulmonary artery, which was of normal size and not pulsating. Ten cubic centi¬ 
meters of 1 per cent procaine solution were injected into the superior mediastinum. The 
azygos vein was divided and the innominate artery was being sought when the systolic blood 
pressure dropped from 105 mm. Hg to 70 mm. and the pulse rate was uncountably fast. 
The lung was then inflated and more procaine injected into the mediastinum. Tlie blood 
pressure rose and the pulse rate dropped. Resumption of the operation caused a second and, 
later, a third repetition of the unfavorable events and, therefore, the surgeon, internist, and 
anesthetist agreed that the operation should be ended. 

The only tmfavorable postoperative events were an apyretic jaundice of two weeks’ 
duration and syncope on two occasions. Ten montlis after operation a striking improvement 
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wna noted in (lie pnHent'5 lioi^lit nnti wofRhf; pvnnfwis xtjw seen only nftor o.xorflon; dyjipnen 
vena ninch nnd the cliiM wnlkctl nmt mn like n “hluo l*:iJ»y*' wlio>ie ofM*nition liod been 
tt lip hiul no more rninlinj; nffnoku nn»l lip wnn npn’inj; nn n rni jH'ntpr'fi npprentipc. 

Kxuniinntlon of (lip liPiirt j<!iou'«h1 no fliungp from flip |>n“nj>pmtivp condition; tlio pulgo wna 
1-0, nnd the liver ^^•nw nliRhlly enlnrjTPil. The lilooil count showetl on Od. 12, 1940, rctl bliXKl 
cclln, 4,270,000. The oxA-pen milumtlon wti* S7 per cent. 

In brief, ten niontln* nftor nn o|ierutinn In wliirli mnny voncnlnr plenml ndlicflonB were 
di\1deJ, nnd in which dlMirtion within the nieillfuitinuni wns cnrrie<l out, but in which no 
tc^mI nnaatonich*ifl wan neconipli?Iie<l, (lie jmtientV condition iinprovctl nn niucli n.^ would 
have been cxpe<-(etl if nn nnni<tonio?«is hnd l>oon performed. 

O.xkt: 2.—G. C.^ Iwm in 10X1. Crnnosia nnd ilyupnen, which increnaed with cry- 

inp and exertion, njipenreti fifteen <Iny;i nfter birth. 

Preopemtiro exnminntlon, Oid. 1.1, 104S, wni< of a 13-\'enr-old l»oy of rninll alio liut olhcr- 
wiae of norranl development. There wna ao\ere cynnoaia nnd elubliinj;. I)>"Fpnen wna Hllght 
at real but inrrenactl with exertion, even on tulkln^j. Running; won followe<I by fnintinp, A 
Sj'atolic niuminr wna heard pamatcmnlly in the left ae-’ond interroatnl apnee. Tlie pulae mte 
wna (hi and the blood prea'^ure 110/00. Tlio x*my film allowed n coiicnve left pnlmonaiy 
ponua, nn aorta de^cendinK on the ri;^hl aide, nml in (he left nnterior oblique projection, n 
clenr aubnortic window. The hiln nnd (he \mbiionnry fieidu were not ahnormnlly clear. 

Tlie electrocardiogmnia ahowol bmdyrnrdln, goo<l voltnge, nnil right nxia deviation. 
Tho oij'henioglobin antumllon una .11 [kt cent nnd the total capacity of blood in oxygen, 17 
c.p,, or 7 per cent, The mjdlmentntion rnie xnui 1 mm. in twenty-four boura. The blood 
eomplomcnt fixation (e?«t ^vna negativo for Hyphllla. 

Tho first opomtion wna iierfornaxl on Oct. S, lOlH, through n Ir/f nnterior ineirion. 
The plenml cavity waa pmctlcnlly oblitemto^I by uniform, aliort, cylindrical corda. On 
sectioning them, cncli wna found to consist of a blood vewl, whicli bled dnrk blood more 
flctlroly from (heir parietal rather than from their pulmonary ends; fhcae many vessels 
ohvionaly constitnted important arterial pathways from the gimeral circulation to the lung. 
Tlie pnlmonniy artery was surrounde<l by nn pxtonalve network of fmgllo ^■ewel8 whicli also 
fed tho lung from tho gcncml clmdntlon. Se\*on(y*five minutes wore necdwl to free the 
polmonary orterj’ to tho pericardium; the nrtcr>* did not pulsate. A superior loft vena cava 
P^*sod Iwlilnd tho left pulmonary artery. After n penrrh of nn hour, nn innominate trunk 

found dividing into carotid and ►ubclnvinn trunks nnd a tliird branch passing downward 
and raesially; tills trunk was wide at its origin nnd tlicn beramo progressively narrower and 
Its termination could not Ik? identified; it >vn8 too imrrow nnd its wall too thin for use in an 
anastomosis; it had the appearance of Iho abnormal vessel shown In Fig. 27 of Blalock's 
article in the October, 1048, i^•^ue of Surgery, Gynccolofiy and Ohatetries. Tho pulmonary 
artery was deep and could not Ik* adequately uiobillretl liccause of the extensive pleural 
sympliysis; this fixation of the lung prcventcil the eloration of tlio lung wliicli is often so 
useful in the making of an nnastomosis without undue tension. 

Tho postopemtivo course was simple. A plcurnl ctTusion was asplrntwl. OA'anosls nnd 
fatigability wero more pronounced. 

On Jon. 5, 1949, approximately three montlis after tho first operation, an operation was 
performed on the opposite or right side. There were fewer pleural adhesions than on the 
l©ft side nnd tho pulmonary artery- wna easier to dissect. Anotlior innomlnnto artery was 
femnd on tlio right side. Even nftor tho enrotid nnd vertebral arteries Imd been divided and 
the subclavian artery divided nt tho origin of its (liyrobiccrA-lcoscnpular branch, the sub¬ 
clavian artery was too short to reach tho pulmonary artery, whicli ^vas abnormally low nnd 
cotdd not be moblllsod. Eron after traction, only fi nuu. of tho main trunk of tlio pulmonnry 
urtory, which did not pulsate, existed between Its origin and its nppor lol )0 branch. An end- 
to-end anastomosis would lm\*e been impoRslblo. 

Tlie anatomic abnormalities encountcml could not Imvo been foreseen Iwforo operation 
or, at least, they could not liave been neeumtcly judge<l as insuperable. Anglocnrdiography 
does indicate the distance l>etwo6n tho sulxjlavlnn nnd pulmonary arteries but it does not 
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exclude a successful anastomosis even if the distance is great, provided that there is a long 
systemic artery or that the pulmonary artery is long and can be mobilized with mobilization of 
the lung. 

A Pott’s type of operation might have been used as a second operation on the left side 
but, having proceeded ns far as we did in the hope and expectation of accomplishing an 
anastomosis, we doubted whether it would have been feasible to perform a Pott’s operation 
through an anterior approach. To have undertaken an arterial graft would have required, 
in our opinion, an unjustifiable extension of the duration of tlie operation. 

The postoperative course in the second patient was also simple. Wlien the patient was 
seen as nn outpatient in May and October, 1949, a definite, gradual improvement was noticed. 
Cyanosis was less severe and dyspnea was considerably lessened. The child was able to run 
and had no more attacks of fainting. 

The values for certain laboratory tests before, between, and after the operations showed 
an important improvement in the oxygenation of the blood and are presented for comparison, 
as follows: 

Red blood cells, before operations, 7,140,000; after operations, 5,300,000. 

Oxygen saturation, before operations, 51 per cent; between operations, 59.5 per cent; 
after operations, 76 per cent. 

Many laboratory tests were made. They indicated considerable improvement of all 
respiratory, circulatory, and tissue functions. 

Two hypotheses may be offered to explain the improvement in these two 
patients in whom no anastomosis could he accomplished, but tvith a full reali¬ 
zation of tlie fact that two cases are too few and a follow-up period of only 
one year is too short for valid hypotheses or conclusions: 

1. The probable creation by surgical trauma of new vascular adhesions in 
the pleurae and mediastinum which may he functioning as many little “ducti 
arteriosi. ’ ’ 

2. A sympathetic vasomotor effect on the pulmonaiy circulation as a result 
of prolonged dissection in the region of the right subclavian artery. In both 
cases, improvement or disappearance of the attacks of syncope occurred after 
operation. 

SUMMARY 

Two cases of the tetralogy of Fallot are reported in which a surgical 
anastomosis between the systemic and pulmonary vascular systems could not 
be accomplished. Great improvement followed exploratorj’- thoracotomy with 
extensive dissection of pleural adhesions, the mediastinum, and pulmonary 
hilum. The possible mechanism of the improvement is discussed. 


RESECTION 01'’ TUANSW:RSE processes IN' 
PUUIOXARV TUBERCULOSIS 

Edwin JlnNOKussonx, JI.I).* 

PlIlUDKIJ'IIIA, Pa. 

T he rcmovnl of the trnn.sversp proecsscn of the vcrtehrao wo-i fii'st .siifipc.sted 
h.v Pricdrich hi 1!)I4. Sinoo then, ninii.v chnnpes have oeeiirrert in the trcnt- 
menl of inilmonarj' tuherciilo.'iis by thorneoplastic proecdure.s. More attention 
Ls given now to tlie olilitemtion of cavities, to a more complete collaiisc of tlie 
involveil lung, and to a greater conservation of uninvolvcd lung. 

Even thongli tliere has been a mi>id prowtli in tlie ti.se of surgery in 
palmonarj- tnbereulo.sis, .surgical removal of the vertebral transverse processes 
in this fonn of tulierciilasis is still a subject of controversy. It is the purpose 
of thi.s iinpcr to di.scass the factors to lie considered in determining the value 
of the rcmovnl of the transverse processes in the collapse therapy progiam and 
to describe an elfoctive technique of rcmovnl. 

Improvcmcnt.s in the technifiue of thorncopln-sty during recent years have 
more than doubled tbc pererntago of patients whose tuberculous pnlmonarj- 
cavities have been closed complctcl.v. This is an actual increase in tho percentage 
of success, and not just the exclusion of poor risk cases, resulting from the 
diWsion of the modem mtusclc splitting operation into multiple small stages 
which made it i) 0 .ssible to apply thoracopln.st.v to many imticnts who could not 
have witlrstood a one- or two-stage classical operation. 

Notwithstanding the intro<Iuction of newer surgical methoils and the 
rcmovnl of longer rib sections, if tbc trnn.svcrsc proce.sscs were not removed, 
apical cavities often were not closed. If ono considers the anatomy of the chest 
(Pigs. 1, 2, and 3) and realizes that the bodies of the vcrtehrao project into the 
chest cardty and tho transverse iirocesses of the vertebroe and tho attached riljs 
come out rather far, it can casil.v I>c understood that oven though the rib is 
removed back to tho transverse process there is still part of tho lung in the 
vertebral gutter which is not comiircssed. In those ca.sca in which the entire 
head and neck of the rib arc removed the remaining outstretched transr-erso 
])roces3 acts ns a sheltering arm to prevent complete obliteration of the cos¬ 
tovertebral space. 

The routine removal of the entire lengths of the vortebial traasverse proce.ss 
and tho underljdng neck and head of the rib at, and somewhat above and below, 
the level of the pulmonary cavity or cavities greatly increases pulmonary col¬ 
lapse by obliterating the castovcrlcbral space. In those cases in which the trans¬ 
verse proces-ses are not removed, the stumps support the lateral reformed chest 
ivall, holding it out beyond tho vertebi-al bodies to such an extent that the 
vertebral gutter is usually left and the collapsed lung is safely lodged (Pig. 4 , 
a throu gh c). A certain amount of movement of tho lung h; still possible. 

Received for publication Nov. tS, 1049. 
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Hence, a posterior carity remains open, even if only a slit, and a cavity that has 
been posteriorly displaced by the collapse will be protected and fail to close in, 
Complete collapse and efficient closure of the cavity are, therefore, usually not 
possible without the obliteration of this space. 


Interartiailar ligament 
Costovertebral space 
Neck of rib 

Anterior costotransverse 
ligament divided 

Ligament of the neck of 
the rib 

Articular capsule 


Ligamait of the tubercle —1 

Transverse process ■ 



Flu. 3.—iDlaKiTinimatic clruwiiiK sIiowImk the normal anatomy of Oio costoti-.uisver.Me and eo«to- 

vortebral articulations viewed fioin above. 


Superior articular 
process 


Interiransversc ligament 

Anterior costotransverse 
ligament 



Radiate ligament 


Intervertebral 

fibrocartilage 


Interartiadar 

ligament 


Inferior articular 
process 


Fig. 2.—Dlagraniniatlc drawing showing the noinial costoveitebral articulation viewed 
from the right. After Spalteholz’s "Hand Atlas of Human Anatomy," Philadelphia, J. B. Lip- 
pincott Company. 


The following technique has ))cen found effective in insuring proper and 
adequate removal of the head and neck of tlie ril) and tlie transverse process. 
The desired segment of the I'ib is I'emoved as far back as one inch from the tip 
of the transverse proce.ss. The iieriosteum is stripped from the outer surface of 
the rib to the tip of the transverse process and on the inner surface from the 
neck and head of the rib. The sacrospinalis, semispinalis, and multifidus muscles 
lying over the transverse processes are mobilized and retracted mesially, widely 
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osposiii); llic nrticulnlioii oT tlii' t'il> willi Hit trnnsvcrst protcss (O’ij;. n). Tlic 
incltx (liiper is iiitroduwd IkIwi'pii Hit iitck of llit rili iiiid Hit ptriosltiiiii flint 
hns liccn Kcpnmitd from if. Willi ii ctiillt iiiilkinn motion the jitriosteum is 
pushed forwnrd ns ninth ns possihit so ils to piolivt flit underlyiiif; pleum from 
future injury. With the iinlimfiii" fiiiRcr out is nhit to feel the Kinovo marking 
the nrticulntioii of the tmiisversc pi-oee-ss with the rih. A sealiiel with a onc- 
inch hlnde is inserted into the groove, pnrnllc! to the tmn.svorse process nnd 
dividing the ligiimont of the tulR'i'cle. A stalpc! with a iiondetnchablo blade hns 
licen found to ho more .sntisfattory than one with a dctaclinhlo blade lss^ause 
of the occasional hrenking of the latter. A ICiiiselln elevator is then inserted into 
this opening and with a gentle rocking motion, while the fiec end of the rih is 


f\nttnor foUo/rfnuvnr 



FIr, n.—Dlagranimntlc drawlrijr nhowlnc tlio normal coatolmDavorae nrtltrutatlcn vlewetl 
from behind and wmewhnt from the right After Hpoltoholx’a ‘'Hand Atlaa of Human Anat¬ 
omy,” Philadclplila, J. It I^lpiijncott Comrany. 

pushed fonvnt-d, flic nrfieulnr enp.sulc, the anterior and [lostorior co.stotraiisi’ei’sc 
ligaments on tlic .sui>erior surface of the neck of the rih, nnd Hie ligament of Hie 
neck of the rih are divided in the order given. The rih may now bo pried for- 
™rd M-itli tile tlnimli or a cuiTcd ))crioslcal elevator. This maneuver is intended 
to tear Hie intcrarticiilar mid radiate ligaments, and the articular cnp.suIo. No 
attempt Is made to cut these structures Iiecau.se of the great danger of damaging 
one of the larger vessels in thus area. The rih is now firmlj' grasped Avitli a 
kone liolder as near to tlic head of the rib as possible and twisted back and 
forth so as to sever any remaining strands of the interarticular and radiate 
ligaments, and the articular capsule. Thus, the head nnd nock of the rih are 
removed completely by disarticulation. It shoidd ho noted that failure to grasp 
the rih properly will cause the rib to lircnk, noth the lesult Hint the head and 
part of the neck will he loft l>ohiiid. If the procedure is performed properly, 
the neck and head of the rih are removed in one piece and the head lias a shiny, 
smooth, white appearance. 
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Fi&. —a throush e. — a, DiagrammaUc drawing showing the incomplete obliteration of 
the costovertebral space from failure to remove the head and neck of the rib and the transverse 
process. 

6, The head and a small part of the rib remain. The transverse process acts as a shel¬ 
tering arm preventing collapse of the costovertebral space. 

c. The entire rib has been removed but the transverse process still prevents obliteration 
of the costovertebral space. 

d. Portions of the rib and transverse process remain preventing adequate closure of the 
costovertebral space. 

e. The entire rib and the transverse process have been removed allowing the costovertebral 
space to fall In and become obliterated. 
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Tlio transverse process is now cxiKjscd. Tlic levntor costnnim nnd the 
rotntorcs mnscics nro stripped Iroin the end ond the upper nnd bnck part of 
the trangr'erso process. The intertransverse ligaments are dhided on eacli side 
of the transverse process. Then the nttnclimcnts of the anterior nnd posterior 
costotransverse ligaments on the transr-ciw: process nro divided, completely 
isolating the tran.wrso process, which will he fonnd to he approximately 2 cm. 
long. With one or two bites of the Sauerhrucirs sqnnre-nosed rongeurs, all of 
the transverse ])roeess is removed almost flush with the pedicle of the vertebra. 



Pttr. 0.—Dlnjrmmnmtlc tlmwlni: nhowfnr the «icroeplnoH». eenilimlnali*. and multifidua 
niu«Ie* Ijinff over the tranavew proceat mobilized and roiracted mealally, wIdeJr exposing the 
coetotranavorw} nrtlculatlona. 


At times it is not necessary to resect the first vertebral transverse process. 
However, caution miLst always be taken in handling this transverse process, since 
the first thoracic netwc may easily ho injured. Also, it is not neccssarj’ to re.scct 
the second vertebral transverse process as much as the transverse processes 
below. In those cases in which the apex of the lung drops, the upper two trans¬ 
verse processes rarely interfere with the clasing of ca^’ities. This situation is 
much to he desired because the operative time iu resecting the upper two ribs 
is lessened, the lateral support of the vertchrol column in this region is not 
weakened, nnd tliere is no danger of damage to the important nerve .structures 
near the fiist rib. If the apex docs not drop, then it is necessary to remove 
completely the first two transverse processes to insure maximum collapse in 
this area. 

SUIIJIARY AND CONCLUSION 

In summary it can be said that resection of the vertebral transs'erse 
processes in the treatment of pulmonary tuberculosis is favored because complete 
collapse and efficient closure are thereby possible. The tcclmique presented has 
been found effective in closing caiities with a minimum of damage to important 
structures. 





LUNG-PLEURA GRAFT FOR BSOPHACIOESOPHAGEAL 

ANASTOMOSIS 

An Experimental Study 

W. Ralph Deaton, Jr., M.D., and H. If. Bradshaw, M.D. 
AVinston-S/Vleji, N. C. 

T WO esophageal anastomoses were recently perfoi'ined for benign congen¬ 
ital stihetnre of the lower third of the esophagus. One healed primarily, 
the other developed a leak at the suture line. The latter healed satisfactorily 
vdthout stricture, but only after a greatly prolonged hospital course. The 
difficulty in primaiy healing in isoesophageal anastomosis has long been 
recognized, and has been attributed*'^ to a multijjlicity of alleged factors, 
most of which are absent or minimal in healing of the remainder of the gastro¬ 
intestinal tract. Such factors include (1) scanty blood supply, (2) lack of a 
true serosal coat, (3) tension on the suture line following resection, (4) vari¬ 
ation in tension on the esophagus with each diaphragmatic excursion, (5) in¬ 
ability to put the esophagus at rest by control of deglutition, (6) poor con¬ 
ditions for accomplishing a satisfactoiy anastomosis due to the anatomic posi¬ 
tion of the esophagus, (7) danger of postoperative infection—mediastinitis, 
esophagitis, empyema, pneumonia, (8) danger of shock and/or cardiac ar¬ 
rest from interference with the vagi, (9) lack of an omentum to protect and 
favor healing of the sutui'e line, (10) po.stoperative pneumothorax, (11) post¬ 
operative hemorrhage, (12) postoperative diaphragmatic hernia, (13) in¬ 
anition, and (14) postoperative eh 5 dothorax. The presence in the literature of 
reports of many successful esophagogastrostomies,®’ and several esophago- 
esophageal anastomoses,indicates that these factors are not unsur- 
moirntable. However, any procedure that might diminish the part such factoi-s 
may play in the eventual outcome of the operation should be investigated. In 
intestinal surgery the anastomotic line is frequently i-einforced with omentum, 
either as a pedicle graft or a free transplant, to prevent leakage. It seems 
reasonable to expect that the same type of procedure might be beneficial in 
esophagoesophageal anastomosis. Therefore, a series of experiments was per¬ 
formed in dogs to test the applicability of reinforcing the suture line in esopha¬ 
goesophageal anastomosis. 

experiments 

Adult mongrel dogs uero used. An esopliagoesophngeal anastomosis was made in 
each dog. A simple continuous suture of 000 chromic gut was used for the mucosal stitch, 
and a simple interrupted suture, of the same material, was used for the muscular layer. The 
technique was precisely the same as reported in previous studies from tliis lahoratory.i® Fol¬ 
lowing completion of the anastomosis, a triangular portion of the lower edge of the left lower 
lobe of the lung was excised. A rubber-shod noiicrushing clamp was applied proximally for 
control of hemorrhage, and to facilitate repair. Interrupted overlapping figure-of-eight su- 

From tlie Department of Surgery, Bowman Gray Scliool of Medicine of Wake Forest 
College, and the North Carolina Baptist Hospital. 
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lurcK of 00000 plain put were uaed to clow the defect In the Iniip. Tho eection of Innp ob¬ 
tained miB apllt Icnpthtrlw, ao thnt the piece to Im* uwl na a pmft atos cxtromcly thin, menanr- 
ing approiiioatcly 0 by 1 by .05 era. Plcum wna prewnt on one side, nnd rate lung substance 
present on tho other side. Tho graft rrn.s placed oeer the suture line, under juodemte iensloUj 
with the ran- surface ngninst tho esophagus, nnd then sutnre<l. Interrupted sutures of OOOOO 
plain gut were placed through tho graft nnd into tho esophageal wall to prevent tho graft 
from slipping. The thoracic cavity wns then Irrignted with saline, the lung expanded, nnd 
closure nccomplishod in Inj'ors with interrupted cotton sutures, A liquid diet wns given tho 
first postoperntivo day, soft diet from tho second through the fifth day, nnd kennol rntions 
thereafter. Xo antibiotics or intravenou.s fluid wns ndmlnisteretl- At specifically dcslgnntotl 
intervals tho dogs wore operated on ngnin to study tho healing process. 111100 the thorns 
was opened tho amount of infection, extent of tho adhesions, nppearanec of the graft, and 
condition of the donor area were notesl. The grafted area, with a segment of normal esopha¬ 
gus proiimnlly nnd distnlly, was then exclsml and split longitudinally, to nffonl evaluation 
of tho mucosal healing. Subsequently, microscopic sections, taken nt right angles to tho suture 
line, were made to study tho cellnlar reaction. 

RE8lIb.TS 

Nine dogs tvere tiseel in (lie e.\'|)erinieiilK. Tliey were equiilly dirified into 
three eroiiikk, with the iiitcrvnls between tho first nnd second operations vary¬ 
ing ns follows: Group 1, seven dny.s; Group 2, fourteen days; Group 3, twenty- 
eight days. The mortality wns lero; the niorhidity wns slight, with each dog, 
on the nvemgp, losing only .300 Om. between operations. In every' ease the 
graft was viable, and adherent to the esophagus. There were le.ss pleural ad¬ 
hesions around the area of the nnastomosis than were found in previous cx- 
perimeuts, where no lung graft was used. There were no cases of emiryeina; 
the donor site healed primarily in every case. In all eases the mucosa showed 
healing without any evidence of leak or infection. The gut sutures were still 
Jiresent in the seven-day group, hut not in the other two groups. Microscop¬ 
ically, beginning vascularikation was seen in each case; the degree varied with 
the time interval. Less inflammatory' reaction wns ohseiwed microscopically 
than had been noted when grafts were not used. There were no focal accumu¬ 
lations of polynnorphonucicocytes or lymphocytes to suggest acute or chronic 
abscess formation. 

It has been possible to achieve excellent results experimentally vrithout 
the use of a graft,'* but the healing process, vrith the graft, proceeds nt a strik¬ 
ingly more rapid pace. A seven-day grafted anastomosis has the degree of 
healing that is usually found in a twenty-onc-day plain end-to-end nnastomosis. 

DISCUSSION 

Haight," Bigger," nnd Daniel*” have, in cases of repair of tracheo¬ 
esophageal fistula, telescoped the distal segment info the proximal, to afford 
strength to the anastomotic line. Tlni.s, the upper segment covers the suture 
line of the lower segment. However, a seai'ch of the literature does not reveal 
eny experimental or clinical work concerning the use of iileuml graft.s, whnt- 
ei'Cr the source might be, ns a reinforcement for the suture line in esopliago- 
esophagenl anastomoses. An article concerned with tho experimental use of 
free peritoneal grafts to cover intestinal anastomotic suture lines has been 
published recently.*” 



168 


THE JOURNAL OF THORACIC SURGERY 


These experiments show the practicability of the use of a thin free lung 
graft to cover the suture line in isoesophageal anastomosis. The grafts were 
easily obtained and prepared, the donor sites healed by primaiy intention, 
there were no instances of empyema, hemothorax, leaking from the anastomo¬ 
sis, or sloughing of the grafts. 


SUMMARY 

Experiments have been performed which apparently show the practica¬ 
bility of the use of a free lung-pleura graft as a buttress and reinforcement for 
the suture line of esophagoesophageal anastomosis in the dog. 
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introduction 


T he inirpoKc of lliiH iiapcr is to present ft cliiiicopnthologie study of 24 cases 
of primary iiitrathoracio tumors of nerve orifrin with special emphasis on 
the classification and pathologic features of these tumors. 


RfB’lKW OF WTERATURK 

In 1944, Kent and associatc.s' in a paper entitled “Intmthoracic Neuro¬ 
genic Tumors” collected 105 cases from the literature and added 21 new cases, 
IS of which wore acccptahlo histologically. According to the documentation 
|)resented, ahout 78 of the collected cases were actually primary intmthoracic 
neurogenic lesions. Twelve (15.3 per cent) of the 78 were malignant in con¬ 
trast to the figure of 37 per cent for the entire series. Of the 18 new' cases 41 
per cent were classified as malignant. Blades,’ in 1946, reported 1 neuro- 
.sarcoma (3.3 per cent) among 30 mcdiastinnl neurogenic tumors. Curreri and 
Oalc* statcil that 92 per cent of posterior mediastinal tumors arc neurogenic 
and they reimrted 6 henign and 1 mnlignaut (14.3 per cent) primary nerve 
tumors in a scries of 36 mediastinal tumors. Brewer and Dolley' reported 10 
henign and 1 malignant neurogenic tumors in a scries of 44 mediastinal tumors. 

Harrington* recorded 61 primary nerve tumors of the posterior mediasti¬ 
num, of w'hich 6.9 per cent w'cre malignant. Arhuckle* reported 11 piuraary 
intrathoracic nerve lesions, 2 (18.1 per cent) of which were malignant. Rarely, 
primary neurogenic lesions are recorded of the anterior mediastinum,’ lung,’' * 
diaphragm,* and lateral chest wall." Severnl of the reported eases of medias- 

I^m tho ratholoffy Lnboratorie* rtna TJioraclo Sunrlcal Senrjeo. Memortftl Ho»pltaJ. 

Read before the Thlrtletli Annunl Meetinff of Tho American ..V»«>clatfon for Thoracic 8ur- 
^rerj*. Denver, Colo^ April 16-lS, 1960. Prei^pntctl by Dr. John U Pool. 

_ 'Special Fellow In PQthQloff>-, Am«ricRn Canc«r Society. Now at Ochaner CUnlc. Kow 
Orieana. 

fPormerly AMlfftont Resident In Surpery, Memorlnl Hospital. 
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19 Asymptomatic RInht lower postcro- No. 1 encnprolatcij, sliphtly 1040 No. 1 , specimen 140 AsjTnptonmtic, 
lateral chest wall nodular soHil, firm, pearly* partial ex- ncfpitivo x-ray 

(intmtlioraclc) white to I’cllow tumor, 2 by 0 cision 

l>v 13 cm. In ilinmcter 
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liiinl xniithomns'" npiieiir In ruprc.si’iil ncurogpiiie tumors (eneapsulnted iipu- 
rilcmomn) that liad a jtrominciit mimbpr of li])ophnpps. Tho number of lipoid- 
filled histiocrica was marked in several of the tumors in tliis series. 

CLINICAL MATERIAL 

The 24 jiatient.s on udiieh this reiiorf is based include 14 women and 10 
men, varying in age from 5 to 67 years (Table I). In 10 instances the lesion 
was incidentally found during Army separation examinations, tuberculosis 
sutweys, or examinations for other illne.ss. Among the remainder, cough and 
dyspnea were the most common initial symptoms. Kveu in the large tumors 
(Fig. 1, A and 7?), [min was not a iirominent feature. No instance of ‘'dumbbell 
tumor” with spinal cord cnmpres.sion was encountered. 



A. a. 

1. -4 and IJ (Care 20, il. E.).—Oimclloncuronm uliowdnff (Jlsplacrcment of the heart but 
no acoIlowU. 


The paravertebral gutter is the commonest site for intrathoraoic tumors 
of nerve origin. A diffuse neurilemoma (major comitonent of a teratoma) was 
encountered in the anterior mediastinum (Case 1) and 2 encapsulated neu¬ 
rilemomas on tho inner lateral chest wall. By long usage the paravertebral 
tumors are considered mediastinal. In this series, 3 ganglioneuromas extended 
across the anterior surface of the vertebral bodies in the true mediastinimi. 

The diagnosis of a neurogenic tumor is relatively certain by radiographic 
examination when a spherical or lobulated shadow is seen in the paravertebral 
gutter. The finding of stigmas of diffuse nourilemomatosis (von Reckling¬ 
hausen’s disease) enhances the diagnosis of a neurogenic tumor. Bone ehanges 
consist of rvidening of intercostal spaces and erosion of adjacent ribs and 
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vertebrae (Fig. 2), due to pressure. There may be enlargement of the verte¬ 
bral foramina even in the absence of spinal cord signs. Other lesions to be con¬ 
sidered are: chondrosarcoma of rib, lipoma,” meningocele,” aneurysm of 
descending thoracic aorta, and esophageal achalasia. 

Twenty-two patients were operated upon without a fatality. All the 
encapsulated neurilemomas and the solitary paragangboma were totally ex¬ 
cised, but only 3 of the 8 ganglioneuromas were so treated. Three gang- 


Fig. 2, A and B (Case 17. K. H.).—Ganglioneuroma showing separation of ribs and erosion 

of vertebral bodies. 


. . : .-s. . 






- Ji# 

4 






toi- 




'n li’ 


A. 

Fife 3 .—A and B show an extensive lol^ulated mallpiant neurllemom^ O shows pos opera 

“ Uve appearance with an apparent metastasis In the right lower lung fleld. 
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lioiicuromnN were subjected to pnrtinl excision due to extension of the growth 
between ribs, niong vertel)ml surfaces, and in one case into the lower neck. 
Tile ninlignnnt neurileinonin could not be totally removed from the right chest 
due to encirclement of the trachea (Fig. 3), and only tissue for biop.sy was 
taken from 2 ganglioneuromas, the dilTu.se neurilemoma, and from a metastatie 
focus in the case of the sympathieoblaatonin. 



FIs'. 4 21. J. ^L).—A fu>«lfom» lamRlIonouromn (ll»placlnjr thr aorta and eBophapus 

to the richt 

Surgical technique of extirimtion must usually involve a transpleural 
approach for adequate visualization, prcfcrabl.v through a posterolateral rib 
bed at the level of the tumor. In children an intercostal incision will avoid 
scoliosis. The major technical difficulty concerns hemostasis because the 
branches of the intercostal vessels adhere to the tumor surface, and are present 
on the side of the growth opposite the operator. Preliminary incision of the 
parietal pleura completely around the gro(rth and elevation off adjacent ribs 
will usually allow enough mobility so that the intercostal vessels are stretched 
and can be visualized crossing vertebral bodies or, on the left, immediately 
adjacent to the aorta ponnitting ligation and dii-ision under direct Wsualization. 
In certain tumors, total removal is impractical due to extension into the neck, 
across the midline (Pig. 4), or because of sheer bulk; then partial resection is 
resorted to. No radiographic or clinical evidence of further growth has fol¬ 
lowed biopsy in 2 instances and partial excision in 3 othei' ganglioneuromas, 
the longest now followed over four years (Case 35). Less wide total removal 
naturally results in failure where one is dealing with a malignant neurogenic 
tumor. Irradiation does not offer permanent arrest of this tumor. 
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PATHOLOGY 

The tumors included in this study have been classified according to the 
foUovfing scheme, and will be discussed in this order. The number of examples 


of each is indicated at the right. 

I. Tumors of nerve sheath origin 

A. Diffuse neurilemoma*t 1| 

B. Encapsulated neurilemoma 12 

C. hlalignant neurilemoma . 1 

II. Tumors of sympathetic origin 

A. Ganglioneuroma 8 

B. Sympathieoblastoma 1 

III. Tumors of paraganglionie tissue 

A. Paraganglioma . d- 


For a more detailed classification of tumors of peripheral nerves, the 
reader is referred to a fascicle on the subject by Dr. A. P. Stout, prepared un¬ 
der the auspices of the Armed Forces Institute of Pathology. . 

TU3IORS OF SHEATH ORIGIN 'Iv 

One of the many problems in dealing with tumors of peripheral nerves, 
and, in particular, the tumors of sheath origin, is their classification. In the 
laboratories of Memorial Hospital the view has long been held that these 
tumors are derived from Schwann cells.’'*’ Nageotte’*’’ experimentally demon¬ 
strated the sehwannian origin of the encapsulated neurilemoma in rabbits. 
Masson and Simard’" and Masson,’® stimulated by the Avork of Nageottej..cpm- 
pared experimentally produced encapsulated neurilemomas Avith spontaneous 
encapsulated neurilemomas of man, and Avere convinced .that these tumoi-s were 
constituted almost exclusively of SehAvann cells. This belief has been sup¬ 
ported and expanded through tissue culture studies to include the diffuse neu¬ 
rilemoma and malignant neurilemoma.’®’ 

Stout-® has suggested that the term "diffuse neurilemoma" be employed 
for the tumor commonly called neui-ofibroma and for the discrete lesion, the 
expression "encapsulated neurilemoma." This pi'oposal appears useful to us, 
because it indicates, on the one hand, histogenetic relationsMp and, on the 
other, an anatomic difference. The histologic distinction is certainly not an 
absolute one, smee minor attributes of one lesion may be present in the other, 
for example, small encapsulated neurilemomas in AA'hat is otherAA-ise a diffuse 
neurilemoma (neurofibroma or plexiform neuroma). 

The tumor here designated as diffuse neurilemoma has been most com¬ 
monly referred to in the past as neurofibroma. Other terms employed include 
myxoid neurinoma, neurilemoblastoma, neurinoma, plexiform neurinoma, cir¬ 
soid neuroma, multiple neurofibromatosis, and von Recklinghausen’s disease. 

These tumors are seen in most classical form as a manifestation of von 
Recklinghausen’s disease. Characteristically, the lesion may produce beading 

•Vieta and Pack'* have employed the term “Plexiform neurilemoma” to Indicate the 
lesion herein described as diffuse neurilemoma. 

fThe designation “schwannoma" may be used synonj’mously with neurilemoma. 
tThls tumor was a teratoma growing principally as a diffuse neurilemoma. 
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or diffuse tortuous oninrgcmciit of iicrrc trunks nnd iiiultiiilc or solifnry non- 
cncnpsulated cutnneoua tumors. 

IlistoloKicnlly, the tumors arc composed of .Schwann cells, neurites, nnd 
fibrous tissue. The neurites are likely to be scanty. 

Ifetaplnsin (cartilage and bone) nnd more differentiated elements (adult 
ganglion cells, replicas of AVagner-Meissner tactile corpuscle) may occasionally 
be noted. The mieroscoinc pieture (Fig. 5) may be differentiated from that of 
the encai)sulnted neurilemoma by the hnphawird arrangement of the Schwann 
cells, prominent reticulation of the intereellular material, absence of pnlLsad- 
ing, nnd other features to be mentioned. 



It is im])ortant to distinguish the diffuse from the eueni)8u]ated neuri¬ 
lemoma because about 13 per cent’* of diffuse neurilemomas become malignant, 
whereas encapsulated neurilemomas rarely, if ever, do become malignant. 
Vietn and Pack” are of the opinion that the incidence of malignant change in 
diffuse neurilemoma is Ic.ss than 13 per cent. Recently Saxfin” reported one 
ease which he believed probably represented malignant change in an encapsu¬ 
lated neurilemoma. An occasional ease of recurrent or locally infiltrating 
encapsulated neurilemoma has been reported, ns cited by Ehrlicli nnd Martin.” 

The encap-sulnted neurilemoma (synonyms: schwannoma, specific nerve 
sheath tumor, neurinoma, peiiucural fibroblastoma, peripheral glioma, schwan- 
noglioraa, palisaded neurinoma, acoustic neuroma) usually presents as a soli¬ 
tary, encapsulated tumor attached to a nerve from which it may usually be 
removed rvithont serious damage. Occasionally, however, a tumor is encoun- 




Fig. 6. rj^ 

Ffg. 6, Encapsulated neurilemoma with areas of hemorrhage and necrosis. 

Encapsulated neurilemoma. Eight areas indicate zones of Hpophages. 

Pig. 8.—Encapsulated neurilemoma containing numerous vascular spaces simulating hemangioma. 
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tcred inthiii n nerve, mnking resection of the nerve compulsory for ndequntc 
rcniovnl. This lesion is nsunlly not nssocintcd ivitli von Reeklinghnnsen’s dis¬ 
ense, nithouph nhout 18 per cent” occur in frnnk or suspected cases of this 
disease. Elirlieli and 3Inr(in=“ found none of the stigmas of von Heckiing- 
hausen's disease in 12 cases of encaimilntcd neurilemoma of the head and neck. 
Slnterinl reviewed at ^Icmorinl Hospital hy Victn"’ indicated that the incidence 
of encapsulated neurilemoma in von Rceklinghausen’s disease is lower than 18 
per cent. These tumors may reach huge proportions in the medinsfinnm and 
ahdomen and undergo hemorrhage and cystic clmngcs (Fig. fi). They may he 
yellow due to sndnnophilic material (Fig. 7) or hemangiomntons because of 
numerous patulcnt vessels (Fig. 8). Jlicroscoiiicnlly, they arc composed of 
Schwann cells, which may form Veroeny nuclear rows (Antoni A) (Pig. 9), 
reticulated tis.suc (Antoni B) (Fig. 10), or a eomhination of the two. This 
last is the most frequent. A few neurites may he found near the former attach¬ 
ment to the nerve. Fibrous tis.sue varies in amount from area to area and 
tumor to tumor. Small round cells, plasma eells, and mast cells are seen in 
varying numbers. The blood supply may be so prominent that it suggests 
hemangioma (Fig. 11). The individual ve.ssels show eollagen collars, throm¬ 
bosis, and subintimal lipophage.s. Extravasation of blood apparently occurs, 
since hemosiderin is occnsionnlly present (Table ET). 


Tabi.f. 11. Cebtain I'EATuass or K.so.u’sruTEn N’FuniLrjiosiAs 



i fJI'OflfAOUft 

1 n.roMOHruiRM 1 

iiEiiosiPirrtiN* 

1 tessel collars 

12 rases 


8 

4 

10 


Large numbers of lipophagcs (Mg. 12) may he found producing a pseudo- 
xaulhomatous apiiearaucc. Tlie source of this fatty material Ls doubtful. It 
may be the result of hemorrhage or possibly be phagoej'tiscd myelin from de¬ 
generated myelinated fibers. Similar areas of ]ipoi)hages are seen in these 
tumors in other locations. 

Besides Antoni A and B and mi.xed encapsulated neurilemomas, the 
mediastinal tumors of this .scries included examples u-ith an additional pattern. 
Several of the tumors were eomimsed of clo.scly packed, interlacing, and hap- 
harardly arranged eells containing large hypcrchromatie nuclei (Fig. 1.3). 
These features were so prominent that two of the lesions were classed as hav¬ 
ing equivocal changes of a type that might lead one to anticipate the possi¬ 
bilities of a recurrence and another was diagnosed as malignant neurilemoma 
(ncurosarcoma). By virtue of adequate foUow-up study these tumors are now 
knoum to be merely a pleomorphic variety' of the encapsulated neurilemoma, 
ft is this lesion that is most likely to be confused with malignant neurilemoma. 
Lesions from other locations may show a similar pleomorphic pattern and yield 
similar confusion. 

Ifalignant neurilemoma (synony'iiis: neurogenic or neurogenous sarcoma, 
fibrosarcoma of nerve sheath, maUguant neurinoma, malignant schwannoma) 
a tumor of Schwami ceUs, may arise apparently de novo or in diffuse neuri¬ 
lemoma (Fig. 14, A and B). It is generally considered not to occur in the cncap- 
sidatcd neurilemoma.’'' ” In a large scries of neurogenic sarcomas (malignant 
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FIe. 8. 
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Fig. 10. 

pig_ 9 ._Encapsulated neurilemoma with palisading of nuclei (Antoni A). 

pjg_ 10 ^—Encapsulated neurilemoma tvlth reticulated (Antoni B) areas. 


nouwiK trr aU; I'BImaky intrathoiiacic xeukogexic tumors jSl 


Flp. 11. 



Pisr. 12. 


11. —Elncapsulatetl neurilcmom* demonitfHtlng thick veaiol vraU#. 

12. —Kncapffulated neurilemoma with perlvaacular IIpophac«». 
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A. 



B. 

Fig. 13, A and B .—Encapsulated neurilemomas showing cellular pleomorphlsm. 
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D . 

PlR. 11, C and p .—Encapwlfttcd neoHlemonm* showJnff cellulftr pleonwrphlam. 



188 


THE JOURNAL OF THORACIC SURgERV 


ever, is nonspecific.®'’-« “AVhile l)y definition it is possible for a pai-a- 
ganglion to arise from any part of the nervous system, our knowledge of con¬ 
crete examples of paraganglia is confined to those which develop from the 


A. 



B. 

Fig. 18.— A, Ganglioneuroma showing general pattern. B, Ganglioneuroma showing variability 

of ganglion cells. 

embryonie sympathetic nervous system—the adrenal medulla, the aortic bodies 
of Zuckerkandl and the chromaffin tissue found in the sympathetic ganglia.”” 
The term “paraganglia” may be used in a wdder sense, including paraganglia 
that originate from other portions of the peripheral nervous system, such as 
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,1_A ParaBanslloma showing general pattern. B Paraganglioma showing uniform 
21-—jrarab*i b nuclei and IndeHnlte cell walls. 
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flic crnnial nerves. We ngrec ivifh Brinas niul Jennings" that the clesignntion 
“pnnignnglioma” is prcfernhlc to phcochromoej'tomn or chromaffliioma owing 
to nonspecificity of the reduction of chromates, the absence of this reaction in 
many tumors, and the known histogcnetic origin from paraganglion cells. 
These authors accept two tumors of prcWousIy reported intrathoracic para¬ 
ganglioma. Becently, Jlaier" added another case. One other unreported 
case of the po.stcrior mediastinum has been examined by one of us (J.T.G.)." 

Gro.ssly, the tumors may bo large, cncnp.sulatcd, reddish brown, soft, and 
.show areas of neoro.sis. 

The histologic picture varies from ono resembling the adrenal medulla to 
one that is so nfy])ical that diagno.sis i.s a problem. 

The cells may be arranged in cords or sheets and separated by a fine con¬ 
nective tissue (Fig. 21, A and B). The vascular component is usually abun¬ 
dant. The pbcoelirome reaction may or may not be po.sitive and tliey may or 
may not be hormonally active. No malignant intrathomeie paragangliomas have 
been rcporttKl. However, JlcGavoek and aasooiates'* accepted 8 cases of malig¬ 
nant paraganglioma from other anatomic locations. Cross and Pace" reported 
an additional ca.se. 

It .should bo mentioned that carotid-body tumors may l>o morphologically 
.similar to pamgnngliomas: however, Boyd” i.s convinced that the carotid body 
and also the aortic-aroh bodies should not be included ns paraganglia. 

Aortie-arch l)ody tumors have been reported in dogs” and should be an- 
ticipatcfl in man. Laftas” is reporting ono aortic-arch Ixidy tumor in a paper 
on nonohromaflln paragangliomas to bo published in Cancer. Several cases (dog) 
have been examined by one of us (J.T.G.) through the courtesy of Dr. E. 
Jlulligan. Lattes and 'Wnltncr” have designated carotid-body tumors, glomus- 
jugidarb tumors, and tumors of moiTiiiologicnliy related tissues ns nonchromaf¬ 
fin ])nmgnngliomnR. This term could be applied to the tumor herein reported; 
however, as mentioned, Jhe phoochromc reaction is nonspecific and not aU true 
paragangliomas give the reaction. The identity of the morphologically related 
tissues ns being tnie paraganglia is not established, in particular, the carotid 
ancl aortic-arch bodies ns shomi by Boyd. 

Further work is essential for the clarification of histogene.sis and fimction 
of these morphologically related tissues. 

DISCUSSION AND CONCLUSIONS 

The intrnfhoi-acic nerve-sheath tumors are predombiantly encapsulated 
neurilemomas, of which there were 12 cases. They are benign, rarely, if ever, 
become malignant, and offer a good prognosis. One diffuse neurilemoma was 
encountered ns the principal component of a teratoma. This patient died as 
the result of continued gro\vtb of the teratoma. One instance of malignant 
neurilemoma was found associated with von Becklinghausen’s disease (diffuse 
neurilemoma) and tills eventually iwsulted in the death of the patient. 

Of the nen-c-ccll tumors tliere wore 8 ganglioneuromiLS, all of which were 
differentiated. The prognosis of this lesion is good following removal More 
adequate follow-up of this lesion is necessary in order to ascertain the prognosis 
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in instances in which all of the tninor tissue has not been removed. A malignant 
course is not to be expected if the tumor is of the differentiated variety, which is 
the usual type found in the mediastinum. 

There was one case of sympathicoblastoma thought to be primarj^ in the 
mediastinimi but not proved by autopsy. One paraganglioma was encountered 
that was hormonally inactive and pheochrome negative. This was a benign tumor 
and the prognosis is good. The possibility of this lesion being an aortic-arch 
body tumor was considered; however, it appeared too intimately related to the 
sjnnpathetic chain to be other than a paraganglioma. 

In this series of 24 neurogenic tumors 2 (8.33 per cent) were malignant. 


SUMMARY 

Twenty-four primary intrathoraeie neurogenic tumors are reported with 
special emphasis on the pathologic features and classification. Two of the 24 
cases were malignant. A new case of intrathoraeie paraganglioma is included. 
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DISCUSSION 

DR. HERBERT C. !MAJER, New York.—There are a few points that I should like to 
©mphnsitc. We have had 3 coses of benipn neurogenic tumor in tho apex of the thorax that 
have extended into the neck and encircled the subclavian nrtorj*. In such eases the ap¬ 
proach through the thorax may l>e relatively unsatisfactory', l)ecnuse one is unable to 
remove the cervical portion. Therefore, In the last of these .3 patients I employed an in¬ 
cision similar to a posterior thoracoplosty incision, except that I extended it further upward, 
and was aide thus to remove that part of tho tumor which extende<l into the posterior 
cervical ropion ns well as the main mass through an extrapleural approach. 

(Slide.) This is the x-ray of such a patient, and the next slide shows the groove that 
may be produced by the subclavian artery. Since these were benign tumors I split the 
capsule and along a septum and removed the tumor in that manner from around the flul>- 
clavJan artery. 

(Slide.) This is n case of syjnpathicoblnstomft that presented tho unusual initial 
finding of n massive hemothorax. This /lira was taken after the hemothorax had cleared 
•ind, at that time, the etiology' of the hemothorax was unknown ns the tumor was not visual¬ 
ised on the roentgenogram. Some months inter (slide) one could see n small round maas 
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in the diaphragmatic region, and the lateral film shows the tumor to he somewhat further 
forward than most neurogenic tumors. As Dr. Pool mentioned, the sympathicoblastoma 
is a malignant tumor. This particular patient is well after two years. 

DB. EABLE B. KAY, Cleveland.—should like to discuss the technical aspects of 
operation of two types of neurofibroma; the cirsoid or plexiform neurofibroma and the 
dumbbell type of ganglionated neurofibroma that appears in children. 

(Slide.) This demonstrates the extensive neurofibromatous infiltration in the apex of 
the left chest, with rib erosion, vertebral erosion, and the ribs separated. This was a 
19-year-old boy. It was considered possibly malignant preoperatively, but it was known 
too that benign tumors could erode ribs as well. 

(Slide.) The patient was explored through the fifth interspace. An extensive plexi- 
form (cirsoid) neurofibroma was found infiltrating the brachial plexus, subclavian vessels, 
and the entire upper chest wall. 

(Slide.) Some of these may be very extensive. It is a question how radical the opera¬ 
tion should be. In this instance the entire upper five ribs were removed, leaving the sub¬ 
clavian vessels and brachial plexus along with the overlying muscles. 

(Slide.) Next is the question of closure with such a large re.sidual defect of the chest 
wall. The scapula bridged over the large defect. Only the muscles and soft tissues were 
closed. There has been no significant resulting defect. 

(Slide.) This illustrates an example of the dumbbell neurofibromas seen in children. 
They are usually seen as a result of being asked by the orthopedist or neurosurgeon in 
consultation, because of spastic paraplegia. The question arises as to how they should be 
attacked. Should thej- have a laminectomy and the interdural aspect of the tumor removed 
first, or should they have a thoracotomy and the interpleural aspect removed? 

(Slide.) In two case.s laminectomy was performed first and the intradural aspect was 
removed; subsequently, after about two weeks, the intrapleural part wms removed. At 
that time it is difficult to ascertain what is tumor and what is perhaps scar tissue. In the 
last two cases the thoracotomy has been the initial procedure, with removal of the intra¬ 
pleural tumor. The spinal foramina can then be enlarged, or the intervening bone can be 
removed to allow removal of the intradural projection of the tumor. I think probably in 
most cases the tumor can be more effectively treated in this manner. 

DB. DE WITT C. DAUGHTRY, Miami.—This is an interesting topic and I should 
like to show a couple of cases to illustrate that these lesions do not fall into a definite pat¬ 
tern, as you have already seen. Out of 13 cases, there were 2 with lesions extending through 
the foramina and compressing the spinal cord. 

(Slide.) This roentgenogram shows multiple ganglioneuromas, two on the right and 
three on the left. 

(Slide.) This is another roentgenogram of the same patient, showing three lesions 
on the left, two on the opposite side, and one below tbe diaphragm. 

(Slide.) This is the roentgenogram of another patient, which shows in the apex of 
the right thorax a ganglioneuroma producing a considerable amount of pain for the size 
of the lesion. Upon exploration it proved to be a well-encapsulated, vascular lesion which 
seemed to pulsate when palpated. It was thought that this might be an aneurysm, and a 
needle was placed into it and 20 c.c. of bright red blood were aspirated. It was further 
freed and found to be not an aneurysm but a ganglioneuroma. 

(Slide.) On cut section you can see the hemangiomatons tj-pe center, which gave the 
mistaken idea that it might possibly be an aneurysm. 

In none of the 13 cases mentioned was malignancy found. 

DK. POOD (closing).—^I should like to thank the discuBSOrs, and to mention one point. 
In the group with ganglioneuromas, 8 patients were operated upon; 5 had partial excision. 
We felt that in these benign lesions partial excision was much safer where the lesion crossed 
the midline or was too extensive between the ribs. None of those tumors have shown fur¬ 
ther growth in the ensuing follow-up period—the longest period being four years. Whether 
partial excision is safe in a ganglioneuroma, only further time will tell. 
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EoCIIESTEn, JUi.vx. 

A NUMBER of fnclors lend fnacinnlion mid sen'C to liei(,diten interest in the 
study of tumors of the tliymirs. Pcrlmps of first importance in this regard 
are the mysteries of origin of the thymic elements, the mysteries of the function 
of the gland, and the mysteries of the general allemtions of the gland in disease. 
Ijikcwise, interest comes from the oliscnre and tantalising association of tumors 
of the tlijmus rvith myasthenia grards, an association well knotvn to ns all, bnt 
understood hy no one. It is hard to dismiss the occnrronco of th.vmic tumors 
in 15 per cent of patients tyith m.vnsthcnia gravis' ns simple coincidence. Never¬ 
theless, little progress has been made in our understanding of this association 
during the past forty-nine years since AVeigerP first reported a ease of myas¬ 
thenia gravis lussocintcd with a thymic tumor. Finally, of alvsorbing interest arc 
nnitpie clinical and pathologic features of the thymomas, a group of tumors 
alwut which much confusion and controvers}* center. 

The controversies concerning classification and the variety of classifications 
tliat have been proposed for neojdasms of the IlnTnus are the natural sequel of 
the incomplete knowledge of the origin of the cellular elements of the normal 
thymic parenchjTua, and the common mistake of assigning a thymic origin to 
all tumors which are located in the anterior mediastinum. Since the small 
round cells of the tlijunus are morphologically identimd with lymphooytes, the 
differentiation of tumors of the tlijunas arising from or compased almost com¬ 
pletely of these cells, from tiimois arising from ]ym 2 >h nodes in the anterior 
mediastinum may lie difficult. The presence of these cells in largo numbers in 
many tlij-momas has led to the erroneous idea that these tumors are Ijunpho- 
blastomas. Conversely, because these small cells are known to exist in the 
normal thj-mus and in tumors of the thymus, Ij-mphoblastomas arising in the 
anterior mediastinum have been erroneously classified as tlijunic tumors. Some 
of the confusion in classification has been the result of the univillingness of 
some writers to classify the small thj-mocj'tes as lymphocytes because they be¬ 
lieve that the thymocj*tcs have an epithelial origin,' although most workers 
^fieve that they are Ijunphocytes' which have wandered into the gland.' 

Read before the Tlilrtieth Annual Meeting of The American Aaoociation for Thoracic 
Burcerj-, Denver, Colo,. April 16-18, 1S60. Proaented by Dr. V.'. D. Seybold. 

•DlrlaJon of Surgery, Maj'o Clinic. 
tDlvlalon of Sureical Pathology, Mayo Clinic. 
tIHvl*ion of Surtory, Mayo Clinic. 

IBectlon on Roentgenologi', MajTJ Clinic. 
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PLAN OF THE PRESENT STUDY 

For this study, the records of those patients who registered at the Mayo 
Clinic during the period 1935 through 1949 and who had intratlioracic tumors 
of possible or probable thymic origin were reviewed. Only those cases in which 
tissue had been made available by surgical operation or by post-mortem exami¬ 
nation were accepted for study; in this group, 45 patients had tumors which we 
classified as tlijunomas. 

These eases of tlijonoma fell readily into two major groups clinically: tho.se 
associated vdth myasthenia gravis and those unassociated with myasthenia 
gra^ds. Since, in our experience, 15 per cent of patients who have myasthenia 
graris have a thymoma and 75.6 per cent of the patients with thymoma have 
myasthenia gi’avis, the division of our material on this basis for comparative 
analysis seemed sensible and challenging. 

ANALYSIS OF CLINICAL DATA 

In this small number of patients no essential difference in age could he made 
out in the two groups (Table I). By reason of the fact that approximately 
one-half of the patients wdth myasthenia gravis who come to the clinic are less 
than 40 years of age,'^ the occurrence of 22 (65 per cent) of the thymomas in 
association with myasthenia graris in patients older than 40 years is probably 
significant. 


Table I. Clixical Featubes of Thymoma 



PATIEKTS Wira THYMOMA; 

myasthenia gravis 

CLINICAL DATA 

PRESENT 

(34) 1 

ABSENT (11) 

Age in years 

Extremes 

26 to 

68 

16 to 65 

Average 

45.5 


43.1 

Sex 

Female 

20 


8 

Male 

14 


3 

Symptoms due to tumor 

Pain 

4 


4 

Obstruction of superior vena cava 

2 


1* 

Koentgenologic evidence of 

.33 


lit 

mediastinal tumor 


'This patient also experienced thoracic pain. 

tTumors of 7 of these patients were discovered by accident. 


There was no significant difference in the sex incidence of thymomas in 
our series. In both groups of patients .symptoms due to the presence of the 
tumor as such were exceptional. Since, with the exception of 1 tumor in this 
series, a thymoma is an anterior mediastinal lesion initially, it is not surprising 
that obstruction of the trachea or bronchi did not occur in any patient, or that 
signs of obstruction of the superior vena cava developed in three. 

Of 34 patients with tlijunomas associated with myasthenia gravis, medias¬ 
tinal tumors were demonsti'ated by roentgenologic means in thirty-three. In 
1 patient the tumor was discovered onty at the operation designed to remove 
the thjTnic gland in the hope that the course of the patient’s myasthenia Avonld 
be influenced favorably. 
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Pnin in tlic clicst ivas (lie result of involvement of the pnrietnl layer of the 
plenm by the tumor. In \-iew of the fact that complete surgical removal of the 
tumor was possible in only 3 of 8 patients who experienced pnin in (ho thorax, 
the appearance of tliis sjTnptom must be viewed udth grave concern. 

A possible relationship between hyperthyroidism and myasthenia gra\-is has 
been diseu-ssed by several ivritcrs.'" ” With the exception of 1 patient with 
myasthenia who had a toxic adenomatous goiter, no endocrine disturbances were 
noted in any of our patients vdth tbj-momas. 

ROEN'TOKNOIAXIIC DIAOXOSI.S 

There is nothing in the roentgenologic appearance of a thymoma to dls- 
tingui.sh it from other tumors occurring in the anterior mediastinum. In all 
but 1 instance in our experience tumors of the tbj-mus have been situated in 
the anterior iwrtion of the mediastinum (Pigs. 1 and 2). The 1 exception was 
a tumor found to lie posterior to the superior vena cava about midway between 
the sternum and the bodies of the thoracic vcitobrac (Fig. 3). While the 
majority arc situated anterior to the arch of the aorta and base of the heart this 
position is not constant; in our experience tlijunomas may bo found at a level 
as low ns the ninth or tenth thoracic vertebra, approaching the level of the 
diaphragm (Fig. 4). 

The tumor is asually round or oval and sharply delineated from the sur- 
roimding tissue. In some instances, however, the mass may bo somewhat flat 
and lie in close proximity to the anterior surface of the pericardium. In such 
cases the tumor appears ns a bulge projecting fomard from the cardiac shadow 
into the anterior mediastinum. 

Sufficient calcium to bo apparent rocntgcnologically was present in 13 of 
the 46 thjTnic tumors ui our series (Fig. 4). It usually occupied a peripheral 
Position, as though it were deposited in the wall of a cyst, but rarely it was 
distributed unevenly through the tumor, and in 1 case it seemed to be dejoosited 
in the central portion of the tumor. The piesence of calcium in such quantities 
does not mean that the lesion is an innocent one, for in 1 case in which the tumor 
showed roentgenologic evidence of calcification, implants of tumor tissue were 
found on tlie pleural surface of the lung and diaphragm and on the posterior 
surface of the sternum. In another similar case the tiunor hod surrounded 
and obstructed the superior vena cava and had invaded the mediastinal pleura. 

In 1947, one of ms (Good”) reported on the roentgenologic recognition of 
thymic tumors in patients ulth mya-sthenia gravis. At that time it was noted 
that the ordinary posteroanterior roentgenogram of the thorax often failed to 
reveal a thymoma which subsequently could be found by roentgenoscopy or a 
roentgenogram made in the lateral projection (Pig. 1). Because of this fact 
all patients with myasthenia gravis seen at our institution are examined by means 
of roentgenoscopy and lateral luentgenograms, as well as the more routuie 
posteroanterior stcreo.scopic pair. In a series of 249 consecutive patients with 
myasthenia gravis so examined, 37 tumors were found, an incidence of about 
15 per cent."” Approximately 40 i)er cent of these tumors were not apparent 
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on the roentgenogram made in the frontal projection. It is onr opinion that 
all patients kno^vn to have, or suspected of having, myasthenia gravis should 
receive the benefit of the more detailed roentgenologic examination outlined 
previously, because of the observed incidence of thymic tumors in this disease. 
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Altliousli the rocntt'cnolofrie nppenmnee of n thymic tumor is not suffi¬ 
ciently characteristic to allow it to Im distinguished from other tumors of the 
anterior mediastinum, the pi-esence of n tumor in this location in a patient ^vith 
myasthenia gravis makes a diagnosis of tlij-moma almost certain. Wo have 
never encountcrcrl a tumor in the anterior mcdin.stinum of a patient with 
myasthenia gravis which prove<l to be anything other than a thymoma. 
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PATHOLOGIC CHARACTERISTICS 

We believe that much of the past and present confusion in the classification 
of tumors of the thymus has been due to the inclusion, hy^ a numlier of authors, 
of tumors that were not primary in the thymus hut which arose primarily in the 
lung as hronchiogenic carcinoma, which were mediastinal manifestations of a 
generalized disease of the lymphatic system, or which were mediastinal tera¬ 
tomas. The perusal of ease reports in the older literature leaves little doubt in 
the mind of the modem reader who is familiar -with the pathology of hronchio¬ 
genic carcinoma that many of the latter of the small-cell or oat-cell type have 
been classified as malignant thynnic tumors. Specifically we would mention the 
cases reported by Syunmei-s’® in 1932, most of Avhieh we would interpret differ¬ 
ently today. Study of his case abstracts reveals that of the 8 patients whose 
tumors were called “peritheliomas,” 6 were middle-aged men whose illness at 
the onset was characterized hy'^ respiratoiy symptoms: cough, “grippe,” hemop¬ 
tysis, and dyspnea. Extensive involvement of a lung and major or minor 
bronchi was described in 6 patients. It seems probable to us that these patients 
were victims of hronchiogenic carcinomas of the small-cell variety rather than 
of malignant tumors that arose in the thymus. 

Our concept of the primary^ thymic tumoi's limits the group to those medi¬ 
astinal tumors which are characterized histologically by the presence of both 
thymic epithelial (reticulum) cells and thymocytes in varying proportion. 
Such a concept not only fits our own material, but it pi-ovides a basis for under¬ 
standing why’’ some of the tine thymomas have been described as lympho¬ 
sarcomas and others as epitheliomas. The designation for the tumors in which 
the small round cell predominates almost to the exclusion of the epithelial cell 
has commonly been that of lymphosarcoma,^ Avhile for those tumors in which 
the reverse proportion exists, the diagnosis has usually been carcinoma or 
epithelioma. 

On the basis of gross or microscopic examination the thymoma which has 
been i-emoved from the patient Avith myasthenia graAUS cannot be distinguished 
from the one which has been removed from the patient Avho is unaffected hy 
this malady; but, AvhUe there is uniformity AAUthin Avide but Avell-defined limits 
in the histologic pattern of all these thymomas, there is a great variation in the 
gross character of the tumors, some being solid, some being partially or almost 
completely cystic, the majority^ being encapsulated, but some being invasive and 
capable of surfaee implantation. 

Deposits of caleium are fairly common in thymomas, both in the encap¬ 
sulated and in the invasive and implanting varieties. 

Gross Appearance. — (Pig. 5.) Grossly, a typical thymoma is a lobulatcd 
tumor Avith a thick, fibrous capsule Avhich is complete (Pig- 5, a), but in almost 
a fourth of the tumors in our study the capsule Avas incomplete, and the tumor 
had iuA’aded eontiguous structures in the mediastinum. The most striking 
feature of the graydsh-pink, cut surface of the average thymoma was lobulation 
produced by filirous trabeculae (Pig. 5, c). Not all tumora, hoAA’ever, Avere 
lobulated (Pig- 5, h)- 
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C.Ystic clmiiRcs wore present in most of flic tumors (Fifl. 5,d). Tlie size and 
the numl)cr of cysts varied prently, and in 3 instances no viahio tnmor cells 
could 1)0 identified in the M-nlls of completely cj’stic thymic tumors removed 
from patients vutli myasthenia pravis. This complete absence of neoplastic 
tissue made absolute detonnination of the nature of the tumors impossible, but 
we feel that by inference they can be and should Im grouped with thjTuomas. 
The preparation and study of many sections from 1 tumor that appeared to 


^ .-1 


tU 






’wr*.. 


.-ra.' 












ullllllllllll 


Ptc. 6.—o, ThjTnUB and thrmoma from a patient with mjTL»th®nJa gravis. 6, ThjTnoma 
onaaeoclated with myaathenla The capaule and a hemorrharic o’at can be aeen. 

c. Thymoma unaaaoclated with myatthenla Kmvia, Lobulation and flbroua trabecuIatJon 
©vldenU ft. Thymoma ahowlnp extenaivo o'ntlc rhanffe. The patient had myasthenia 
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be completely cystic permitted a histologic diagnosis of thjTnoma. These cysts 
often contained a thick whitish material having tlie consistency of putty; less often 
they contained blood. Particularl}' in tlie tiimoi’s wliich were ej'stic, calcimn 
deposits in the capsule and trabeculae were common. 

Histopathologic Asjyccts .—The constant histologic feature of this group of 
42 thjTnomas, excluding the 3 in which no rdable neoplasm could be found, was 
the presence of the two cell types of the normal thymic parenchyma; the 
thjmiocLde and the epithelial cell (Fig. 6). The thymocyte is morphologically 
identical -with the mature Ijunphoeyte. The epithelial cell has often been 
called a reticulum cell in the thymus because of its similarity to reticulum cells 
in other organs. These epithelial cells usually have a distinct, pale nucleus vuth 
small nucleoli, varying amounts of cytoplasm, and indistinct cell membranes. 
In some of the tumors of our series epithelial cells had nuclei which were small 
and dark stained; in othei-s these cells had foamy cytoplasm. Although the 
presence of both thymocytic and epithelial cells was invariable, the relative 
proportion of these cells varied widely from tumor to tumor and from place to 
place in the same tumor. 



rig. G.—ThjTTioina (hematoxylin and eosln XlOO). a. The thymocj'te Is the dominant cell 
In this tumor, b. The epithelial cell Is the dominant cell. 


Next in the order of importance as a distinctive histologic feature of 
thjTnomas was a palisaded arrangement of the epithelial cells about spaces, 
vessels, and fibrous trabeculae. This feature was present in 25 cases. A secre¬ 
tory function for the epithelial cells lining tlie cystic spaces was suggested to 
us bj’' the presence of an acellular fluid in many^ of the spaces. This concept is 
consistent wth the generally accepted idea that these cells are of on epithelial 
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The occurrence of these epithelial cells in palisade arrangement aliout 
spaces, about blood vessels imbedded in loose areolar tissue (Fig. 8, a), and about 
fibrous trabeculae (Fig. 8, b) suggested to us the possibility that these three 
features represent successive stages in a single process which begins 'with organi¬ 
zation within the space. Perhaps hemorrhage which is rather frequent in these 
spaces provides the soil for the process of organization. Although palisading 



Fie. 8.—ThjTnoma. Stained with hematoxylin and eosln. a. Vessel surrounded 1^ 

areolar tissue with palisaded epithelial cells (XSOO). h. Fibrous trabecula with the eiuin^ 
Hal cells palisaded at rlpht angles to the long axis or the trabecula (xl651. 
thlck abrous capsule and cj'stlc spaces, some of them small, some quite large, llneu »■ 
epithelial cells (X6). 











9.—Thnnomo. fltaJned with hematooiln ao«l eaolru a, Imnuiture HaajwUl'i cor- 
paj»clM (Xl60). b, ilature HaMall* corpuaolo* with calcification (X366). 

In 3 encapsnlated tlij-monia the cell pattern was cliaracteristic except for 
the presence ol cells mth mnltilobulated miclei and pink-staining nucleoli that 
tumbled I?eed-Stcml)org colls of Hodgkin’s disease (Pig. 10, a). It seems 
likely that these were only variants of the epithelial cells. 

The struetui'c of the seconder)’ deposits from the 2 tumors which spread by 
implantation to pleural surfaces was almost identical with that of the primary 
tumor; fibrous trabeculae were present and the same proportion of the two 
essential cells was preserved (Fig. 10, 6 and c). 

Generally speaking, histologic features of malignancy were absent. In aU 
tumors tlio epithelial cells had sharp perinuclear membranes; they were regular 
m size and showed little hvperchromasia. Hare mitotic figures were seen in 
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only a few tumors. Foam cells and cholesterol crystals were present, particu¬ 
larly in necrotic and degenerated sites. The thymocytie cells in all tumors 
resembled adult lymphocytes. 

Tumor Behavior .—In several respects the behamor of these tumom is un¬ 
usual. While most tumoi’s which extend bj’’ invasion, also metastasize by the 
blood or lymph stream, thjunomas seem to be an exception. Although in our 
series 10 of 45 tumors invaded contiguous structures and 2 spread to pleural 



rig. 10.—Th>-inoma. Stained with hematoxylin and eosln. a. Cell with a multllobulated 
nucleus that resembles a Reed-Stemberg cell (xl,040). Such cells were present In only one 
tumor, b, Prlmarj- tumor demonstrating fibrous trabeculae and the mixture of thymoodic 
and epltliellal cells (XlOO). c. Pleural Implant showing a histologic pattern similar to tnat 
of the prlmarj' tumor (XlOO). 
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Table IT. JfoBE op Extexhiox op Tiiyaiojia ix 11 Oases 


CASES 

Invasion of 


Pleura 

0 

roricnrdlam 

5 

Superior venn ca\*a and innoralnato veins 

5 

Lunp 

3* 

Implantation to parietal and viBccnil pleura 



•Only tho supprllclnl apppntn of the lobe adjitcent to the modlaetlnaJ tumor wero Involvetl. 


surfaces by implantntion, none produced cmlwlic metastasis (Table II). The 
histologic appearance of tbese tumors which had extended to other structures 
differed in no particular from that of the tumors which were completely en¬ 
capsulated. Furthermore, the tumors of the patients who had myasthenia 
graris seemed to behave exactly like those which were unassociated with 
myasthenia. 

The tendency of tlicso tumors to extend by invasion and by implantation 
has Ijecn descrilicd bj- prenous authors.''’- Obstruction of the superior 
vena cava and the innominate veins is the result of compression by the tumor 
in some patients, but actual invasion of the venous wall does occur. We have 
been unable, liowcvcr, to find evidence of extension of the tumor into the lumen 
of tho vein. Since most of these tumors lie in contact ivith the periearditim, it 
is not suritrising to find that it is involved fretpiently by tho invasive tumors. 
One tumor had extended through the fibrous pericardium to form a mass within 
the pericardial sac. 

Complete necropsies were done in 11 cases. In none wes there evidence 
of IjTnpliogenous or hematogenous metasia-sis. It is worth mentioning that 
brniphorrhagcs which are common in the skeletal muscle of patients with myas¬ 
thenia gravis may I)c mistaken for metastatic lesions. Such a mistake accounts 
for some of the reports of embolic metastasis that arc to be found in the 
literature. 

Sate of GrowtTi —There Is much evidence that thymomas arc slow-growing 
tumors, both in the patients who have myasthenia graifis and in those who do 
not. In our series, of tho patients in the former group 1 was known to have 
a mediastinal tumor ton years, and another five and one-half years prior to 


Tabix IIL Fate op Patients Wmr Inebadioable Tuymoka 


PRESENT STATUS 

PATIENTS wmr TnTJJOMA: 

UTASTnENIA ORA VIS 

PRESENT 1 

ABSENT 


G 

0 

Died while in hospital 

o 

0 

Pled since dismissal 

3 

0 

, Alive 

1 

3 

Condition satisfactory 

1* 

It 

Condition worse 

0 

2t 

Lost to foUow-up 

0 

If 

Totnl 

0 

4 


•Fifty nwnthfl after operation. 
tSlx month* after operation. 

tEaoh PAtlent aurvlved nineteen months after operation. 

|Thl* patjpnt had an ineradicable Iceton In 1946 and, letter* of Inqulrj* renialnlnr un- 
anavrered, presumably dead. 
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Table IV. Surgical Treatment of Thymoma; Forty-one Patients* 


PATIENTS WITH THYMOMA: MYASTHENIA GRAVIS 
PRESENT j ABSENT 


Tumors removed surgically 24 

Died while in the hospital 2 

Cause of death; 

Myasthenia gravis 2 

Pulmonary complications 
Ineradicable tumors explored 

surgically: biopsy C 

Died while in the hospital 2 

Cause of death: 

Myasthenia gravis 1 

Eupture of the ascending aorta_1 


•In 4 additional cases of thymoma associated with myasthenia gravis, 
not explored surgically but was removed at necropsy. 


7 

1 


1 

4 

0 


the tumor was 


operation. In the latter group, 2 were knovvn to have had their tumors four 
and six years, respectively, before operation. Additional etddence of slow 
progression of thymomas is presented in Table III where it can be seen that 
of the 4 patients with ineradicable thj'momas who are known to be alive, 1 has 
survived six months, 2 nineteen months, and 1 fifty months since operation. 
The duration of survival after operation for the 3 patients who had ineradicable 
lesions and who died after dismissal from the hospital was seventeen, forty-one 
and fifty-one months, respectively. 


SURGICAL TREATMENT 

The selection by the surgeon of the proper operative approach to a thymic 
tumor should be based upon a consideration of the size and location of the 
tumor.^®' For a large tumor that presents chiefly in one side of the thoracic 
cavity, a posterolateral, transpleural approach allow's the surgeon ready access. 
This approach will permit the removal of large tumors that could not be easily 
removed otherwise. For small tumors that lie essentially in the midline, we 
prefer a sternum-splitting incision which provides excellent exposure of all the 
structures in the anterior portion of the mediastinum, and it does not necessitate 
entEj”^ of the pleural space. The latter advantage is shared bj’’ the transcostal or 
parasternal approach, but this advantage is more than offset by the inadequacy of 
the surgical exposure which the parasternal approach provides. 

The surgical procedures carried out on the 41 patients included in our . 
study were of three classes; removal of the tumor, removal of the tumor and 
the thjTnus, and biopsy or only partial removal of the tumor. In our experience 


Table V. Results of the Surgical Eemoval of Thymoma 


PRESENT STATUS 

PATIENTS WITH THYMOMA: 
PRESENT 1 

MYASTHENIA GRAVIS 

ABSENT 

Dend 

7 

1 

Died in the hospital after operation 

2 

1 

Died since dismissal from the hospital 
Alive: no evidence of recurrence or 

5 

0 

metastasis 

16 

6 

Lost to follow-up 

1 

0 

Total 

24 

7 







HKYUOLU KT AL.: TUJIOKS Ov TlIYilUK 


211 


table VI. I’iiESCNT Status oe I'aticstr IViTir Tiivsiojia Wuo M’fjie Opeiuteii o.v 
ITte or More Years Aoo 



1 rATlENTS 

Alive Trithout ovidrnro of recurrence 

7 

Alive but with pvldcnro of proprwlon 

Cl months nftor opcmtlon, 

Docemlicr, 1048 

1 

Bend 

S 

Lo^t to follow-up 

1 


removal of the entire tliymu.s togetlier with the tumor .seems to offer no ad¬ 
vantage over tlio removal of the tumor alone. In tlic group of patients whase 
thjTnoma could he removed eompletcly, none have died Imcausc of local recur¬ 
rence of, or distant mctn.stn.si.s from, the tumor after being di.smissed from the 
hospital. The rcsult.s of surgical treatment of thc.se patients arc summarized 
in Tables III through VII. 

Of the 17 patients with thymomas who wore operated upon five or more 
^•cars ago (Table VI), 4 had ineradicnhlc lesions; 3 of the 4 arc dead, presunia- 
hly as a direct result of the tumor. The fourth patient was alive when he was 
Inst heard from in Decemher, 1948, flfty-onc months after e-vplomtion, hut his 
condition was poor because of the existence of olwtruction of the superior vena 
cava. 


Table VII. A.vai.ysis oe the Causes oe Dratji 


TIllE AXD CAUSE OP PEATH 

PATIENTS wmi THTJIOyA: 

MYASTHENIA GBAVI8 

PnESENT 1 

ABSENT 

Died In the htwnitfll after opcmtlon 

8 

0 

Cfluw: Myantlienia prnvia 

7 

0 

Ilunturo of tho ftortn 

1 

0 

Pulmonnrr compllvatlous 

0 

1 

Died after dlamlMni from the hoapitnl 

8 

. 0 

CauBo: MjTiBthcnin pra>i8 

4 

0 

Bmin tumor (natrocytomn) 

1 

0 

Unknown 

:!• 

0 


•Since these 3 patienU haJ ineradicable tumor*, dentl) mo«t probably was cauaod by 
the tumor a* auch- 


Removal of a thymoma from a patient nith myasthenia gravis hn.s no 
ei’idcnt influence on the course of the disease.' 

RKSPONSE of THV110MA8 TO BOENTOKK TIimAFY 

Information hearing on the rcsimnsc of thymomas to roentgen therapy was 
available in two forms: in the size of tumors after roentgen therapy as compared 
to their size before such treatment, and in the histologic appearance of those 
tumors which had lieen irradiated ns compared to the appearance of those which 
had not. Data which would peimit an estimate of change in size of a tumor 
after roentgen therapy were available on 12 patients who had myasthenia 
gravis; in 10 no change was apparent; in 1 who had an ineradicable thymoma 
the tumor became smaller and ultimately could not bo demonstrated roent- 
genologically, but the patient died fifty-one months after operation, presumably 
as a result of the tumor; and in 1 the tumor, which was observed to become 
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smaller, was found at operation to be a fibrous-walled cyst. This latter change, 
however, could not with certainty be ascribed to roentgen therapy because 
another of our patients who had no roentgen therapy had a completely cystic 
lesion. Evidence of a similar nature from the patients who had thjTUoma un¬ 
associated with myasthenia gravis also failed to show any definite benefit to 
tlie patient from roentgen therapy. 

Roentgen therapy in the doses employed for these patients had no ap¬ 
preciable effect upon the microscopic picture of the tliymoma. 

The report of Reid and Marcus^® afforded evidence that some of these 
tumors are radiosensitive, that every patient vuth an ineradicable th;\Tnoma 
should be given intensive treatment. 

SUMMARY AND CONCLUSIONS 

Forty-five cases of thjTnoma in which tissue had been made available by 
surgical operation or b.y post-mortem examination form the basis of this report. 
We have defined a thymoma as a specific tumor of the thymus that is charac¬ 
terized by the presence of both thjTuic epithelial and thymocytic cells in varying 
proportions. Though this tumor is commonly associated vdth myasthenia gravis, 
only 15 per cent of the patients who have myasthenia have a th^unoma, and 25 
per cent of the tumors in owv experience occurred in patients who had no 
evidence of myasthenia. For the purpose of comparative analysis the patients 
with thjTuomas were divided into two groups on the basis of the presence or 
absence of myasthenia. In both groups thjunomas occurred almost exclusively 
in adults of both sexes, and symptoms due to the presence of the tumor as such 
were xincommon. 

To attain the highest possible degree of accuracy in the roentgenologic 
diagnosis of th^Tuomas posteroanterior and lateral roentgenograms and roent¬ 
genoscopy of the thorax should be employed in everj" patient with myasthenia 
grarts. Characteristically, these tumors occur in the anterior mediastinum in 
a position anterior to the aortic arch and the base of the heart. Some of them 
contain calcium in quantities sufficient to be apparent roentgenologically. PC' 
CTiliar features which would permit a pathologic diagnosis on the basis of the 
roentgenologic findings were lacking. 

Three-fourths of the thymomas in this scries had a distinct fibrous capsule, 
but the others had broken through their capsule to invade adjacent strnctiu-es: 
the pericardium, the pleura, the superior vena cava and the left innominate 
vein; and 2 spread to parietal and visceral pleural surfaces as nodular implants 
of tumor. No CAudence was found to suggest that embolic lymphogenous or 
hematogenous metastasis occurred. We failed in our attempts to separate, 
on histologic grounds, those tumor's which were invasive and those which spread 
by implantation, from those wlrich were completelj'^ encapsulated. 

The selection by the surgeon of the proper surgical approach should he 
based upon a consideration of the size and the location of the tumor. 

Because of the poor general condition of 4 patients with myasthenia grams, 
no surgical treatment was attempted. Of the other 41 patients, 31 underwent 
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complete removal of the tumor nud 30 imdcnvcnt incomplete removal or biopsy. 
The cause of death of 3 of the 5 patients Avho died in the hospital after operation 
was myastlicnia graHs. 

In no patient whose tumor was removed completely has there been evidence 
of recurrence, l^fost of the deaths have been due to myasthenia grans and 
not to the tumor itself, although in the group with ineradicable lesions, the 
tumor itself was usually fatal. 

Thj'momas cannot be regarded ns innocent. BecaiBc there is no basis 
clinically or rocntgcnologically for the accurate pathologic diagnosis of medi¬ 
astinal tumors, exploratory tliomcotomy Is indicated for all these patients whose 
general condition ■w’ill permit. 

Intensive roentgen therapy for ineradicable tumors seemed to benefit some 
patients. 
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DISCUSSION 

DR. MARK H. WILLIAMS, Binghamton, N. Y.—A thymoma may Ire an unexpected 
finding at operation. Because of the unusual x-ray findings and its deceptive gross appear¬ 
ance, it may be of interest to show an example of a benign asjmptomatic tumor in this 
category, which we recently encountered in a 9-year-old boy. This tumor was discovered when 
an x-ray examination was made following a chest injury. 

(Slide.) Among the numerous x-ray studies which were made, only these two films 
demonstrate a double shadow. This is seen along the right cardiac border in the postero- 
anterior view; it is superimposed on the heart shadow and is demonstrated to better advantagc 
in the lateral view. Fluoroscopic examination was helpful in establishing a diagnosis. At 
the screen, pulsations were absent along the right border of the heart. Our preoperative 
diagnosis was mediastinal cyst. The tumor was approached by an incision through the right 
fifth interspace. At operation it appeared unquestionably to be an encapsulated lipoma; it 
extended over the heart anteriorly and upward over the great vessels to the thoracic inlet. 
Alter extending the incision upward and dividing the fifth and fourth costal cartilages, 
sufficient exposure was obtained to remove the tumor without difficulty. 

(Slide.) The gross appearance of the tumor is typical of lipoma. It was much bulkier 
than one would expect from the x-ray findings; it weighed 255 grams. 

(Slide.) The microscopic findings were surpri.sing. Througliout this huge fatty tumor 
small islands of thymic tissue were found. IVIien we went back to the gross specimen, these 
were readily seen as 4 or 5 mm. yellowish areas. 

(Slide.) This is a recent follow-up on this boy, who was operated upon about nine 
months ago. He made a good recover^' from the operation and has remained well. 

DR. JOHN M. DORSEY, Chicago.—I should like to show slides of a patient upon whom 
we operated, who, I thought, had an anterior mediastinal tumor, perhaps a dermoid. 

(iSlide.) This shows the microscopic picture, as does the next. This tumor in the final 
analysis proved to be a thymoma, but I think it is well worth while to record our experience. 
In preoperative study, investigating diplopia as a possible symptom of myasthenia gravis 
with a therapeutic dose of neostigmine and finding no therapeutic response, we thought ne 
had ruled out thymoma. The patient was given, unwittingly, curare along with pentothol 
during induction of anesthesia and developed respiratory arrest, necessitating postponement 
of surgery for a week. We should liave come to the opinion immediately that this was a 
thymoma with latent myasthenia gravis. On removing the tumor the following week we difi 
have a frozen section wliich revealed it to be a thymoma. The patient had a rather stormy 
postoperative course and died on the third postoperative day. 

In summary, I feel that curare should be avoided in anesthesia for anterior mediastinal 
tumors. Immediate frozen section should be made. If they resemble tumors of thymic 
origin in any way, prostigmine and general supportive measures such as given myasthenics 
should be instituted. 
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DR, EDGAR W, DA^TB, WaHhlnpioK, D. C.—I wat* mtlicr sarpiiflpt] to licnr Dr. 
BovbolJ ray, if I underaffwxl him rorrcftly, that lip could not find nny definite rclntionslilj) 
between the. thymtw nnd niyaetlienin pmvip nnd that, in Iiia opinion, the Buhswjuent coureo of 
m^nstheniR pmrhi wna not influenced hy roniovnl of the Ihrmua gland. I ehould like to aak 
Dr. SoylKild If he would care to comment on the dinniotricnlly opposite conclusions from the 
scries of eases presented by him, which obviously have been beautifully studied, ns compared 
with the 120 cases presented by Keynes of England. Out of Keynes' 120 cases, he reports 
39 patients who are well, free from symptoms, and who do not neo<l prowtlgmine, and 40 
patients who are virtually well, with minimal symptoms. As I recall, Keynes’ patients have 
been observed over a long period dating back to 1042. 

DR. REVnOLD (closing).—I should like to thank Dr. Willioms, Dr. Dorsey, and 
Dr. Davis for their discussion. First, as to Dr. Dorsey’s comments obout keeping myasthenia 
gravis in mind in dealing with a imticnt who lins a tumor which may be a thymoma. ^Ve 
hate used j)rovocntive tests for myasthenia In a nomber of these patients. Sometimea the 
weakness complainH of by some pitients with tumor is difiicult to differentiate from the 
specific weakness of mynstlienla gravis, and It is Indeed dangerous to opemte on a patient 
with myasthenia gravis whose disease is unrecognUecL It is dangerous unless it is previously 
recognited and the patient is adequately prepared and treated with prostigmino and other 
drags that are efToctive. 

The relation of thymic tumor to myasthenia gravis hos receive*! a lot of attention and, 
a.s we all know, within the last few years—nliout IP.IO, I believe—Dr. Blalock reported a 
patient on whom ho had removed a thymic tumor three wars before and In whom, at the 
time of his report, romlwlou of the disease Imd followed. Since that time considerable oxperi* 
ence has accumulated. 'W'e all know tliat myasthenia gravis is n remitting disease, and the 
efficney of any form of treatment is difficult to assess, particularly on a short time basis. 
Quite recently, Dr. Eaton of our Neurological Section, who has been most interested in this 
problem, lias published a follow-up on the patients he has been studying for eight years, nnd 
yon can see from the figures I gR\'e you In the charts that of the patients who had tlijTuic 
tomors remm*ed, approximately one-half of (hem are dead, and (he leading cause of death 
was mrastbonla gravis, I do not know how to account for tbo discrepancy between our 
experience whicJi, I might add parentheticnlly, is in keeping with the e.xperience of others 
throughout tlio countiy’—the discrepancy between our cxperionce and that of Dr. Keynes, 
except to say that some of these patients do seem to bo benefitteil for a time. But wo know 
that mynsthenin gravis, without treatment, will go Into remission, nnd sonic of those reuiissions 
are essentially permanent in that they liave lasted 15 or 20 years. 



SYPHILIS OF THE ESOPHAGUS 

Theodore E. Hudson, M.D., and Jerome E. Head, M.D. 

Chicago, III. 

T BETIAEY sj’^philis is a very occasional cause of obstruction of the esophagus. 

Being rare, it is important that every proved instance be recorded in the 
literature so that knowledge of the condition be increased and the profession be 
frequently reminded of its existence. The purpose of this paper is to report such 
a case and review the accumulated literature. 

case report 

A 58-ycar-old white man was hospitalized because of difficult swallowing. Within a 
few days after admission he was regurgitating all food and liquids. He stated that for 
several years he had experienced periodic difficulties in swallowing food and liquids. 

He complained of a choking sensation, tightness in the throat, and slight pain when 
awmllowing. The laboratorj’ examinations were not remarkable, save for highly positive 
Kahn and Wassermann reactions. X-raj’ study of the esophagus revealed a spherical tumor 
(Fig. 1) almost completely occluding the lumen at the cardie end. At esophngoscopy the 
lower end was found to be completely filled bj' a flesh-colored, finely irregular, nonulcera¬ 
tive mass. Little bleeding resulted from biopsy. Microscopic study of the specimen se¬ 
cured revealed only stratified squamous epithelium. 

Because of the long history of dysphagia and the positive serology, it was felt worth 
while to give antisj’philitic therap}’. The result was astounding. Belief from all substemal 
discomfort and from difficult swallowing was virtually complete in only a few days after 
the first injection of an arsenical. Continuation of the antisyphilitic treatment soon re¬ 
sulted in total relief of all symptoms. 

Subsequent x-ray study of the esophagus (Pig. 2) showed disappearance of the tumor 
previously seen. Esophagoscopy was repeated sixty days after the first examination. Xo 
tumor and no abnormality were found. The mucosa at the cardiac end was normal in appear¬ 
ance. 

The patient was discharged with instructions to continue the antisyphilitic treatment. 
Follow-up one year after discharge revealed that he had not received any treatment since 
discharge and within two months after leaving the hospital the sjuiiptoms had recurred. 
He did not return to the hospital. 


REN'IEW of LITF.RATURE 

Contributions to medical literature dealing wtli syphilis of the esophagus 
are rare. GuyoC in revie\ving the literature dating from 1717 to 1930, from 
America, England, Prance, Germany, and Austro-Hungaiy [sfe] found but 
fifty-five recorded instances. Moore,- in admitting that syphilis of the esophagus 
has a place in the literature, stated he had never personally observed a case, aud 
that most of those patients thought to have syphilis of the esophagus were 
eventually found to have cancer. Guisez,^ in over 3,000 esophagoscopies, saw 
only one instance of tertiaiy s^qjhilis of the esophagus. 

To the fifty-five cases found in the literature to 1930 by GuyoU he himself 
added two personal cases. Vezina,'* Lukens and Ono,® Shimokawa,® Hanif, 
Wilcox,® Fontana,^ and Ponzoni^® haAm each added reports of one case since 1930. 

Read (by title) at the Twenty-ninth Annual Meeting of The American Association for 
Tlioraclc Surgerj-, New Orleans, L.a.. March 29, 30, and 31, 1949. 
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flinss and Preeiunii'" nnd Avorj’" Imvc added l»o eases each. AVnhson-'Willinms" 
reported four ease.s. Sahnletle nnd Jlnrtinc!:"' nnd Po.stigo”’ hnvc reported one 
case each. 

AVith the ease whieli forni.s tlie lia.sis of thi.s paper, a total of .seventy-five 
eases of tertiarj* .sypliilLs of tlic csophagiLS have itcen found in the literature, 
twenty liavinp heen recorded since 1930. 



PIC. 1. Ptff. -■ 

1—Hounded tumor mnw« iKien obutructlnr flow of bnrluni In lon’cr neophapus. 

_ Flff. 2.— K^opluiiSTani token two week* after Inotltnllon of antlsj-plillltlc trentment. 
•Tunior no longer prtwent nntl bnriuni flow* frooly Into Uic *10013011. 


TATIIOLOflY 

The gross .structure of the lesion of tertiary syphilis of the esophagus ma.v 
a.S3ume one of two general forms, a submucous gumma or a diffuse inflammatorj* 
reaction svith destruction of tissue and resultant scarring and stenosis. Either 
form may display erosions and ulcerations. The gummas apparently are prone 
to ulceration and loss of tisstie with subsequent scarring. The microscopic find¬ 
ings have l)cen variously described by the few hn\Tng material at their disjrosal. 
In general, the picture is that of periarteritis leading to scar formation. 

SYJIPTOMB 

In general, the aj*mptom3 are those of ohstruction of the esophagus. In ad¬ 
dition, there may be cough, expectoration, and hemopt.vsis. These are .symptoms 
of tracheal perfomtion. 
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Giiyot^ mentioned the absence of pain in tertiary syphilis as a possible 
differential point between this disease and-carcinoma of the esophagus. Four of 
the patients whose cases are reviewed complained of some sort of substemal 
distress. All the other reports do not mention the presence of pain or specifically 
say^ no pain was present. Wile” stated, “Pain is not a marked symptom except 
during the act of swalloudng. When there is ulceration, pain may be present 
during repose as well as deglutition. In old standing cases where scarring and 
consequent narromng of the tube occur, the pain during attempted s\vallowing 
may be verj^ severe.” 

The length of time of the dysphagia appeal’s to be a fairly reliable differen¬ 
tial symptom. In those histories in which the duration was recorded the figures 
were—three years, eight years, seven years, several yeare, ten days, six weeks, 
three montlis, two months, four months, several weeks, and eight weeks. The 
longer periods wiU, of ooui’se, eliminate esophageal cancer in any questioned case. 
The apparent fact that the clinical course of tertiai-y syphilis of the esophagus is 
more prolonged than that of cancer was previously noted by Myei’son.^^ 

X-RAY EXAAIINATION 

Roentgen examination of the barium-filled esophagus is of great impoilance 
in the diagnosis of any obstructive le.sion. Wilcox" has said that the roentgeno- 
scopic appearance of tertiary sj^philis of the esophagus is more or less character¬ 
istic. He described the walls of the tube as being very rigid ndth little change 
in contour or size of the barium column as the opaque bolus passes through the 
stenotic area. The barium has a finely’’ irregular outline. This is in contra¬ 
distinction to carcinoma of the esophagus which, if extensive enough to produce 
rigidity’ of the wall for a considerable distance, will produce coarse irregularities 
Avith more irregular canalization. In spasm of the esophagus the outline is 
smooth. 


ESOPHAGOSCOPY 

AA’ciy'*'' stated that vei’y’ few descriptions of the endoscopic findings of 
tertiary’ syqjhilis of the esophagus are to be found in the literature. Tliis phase 
of the examination is of the greatest importance and for this reason siunniaries 
of the endoscopic descriptions of cases as they appear in the literature are pre¬ 
sented here. 


Hanif’s® examination recorded severe injection of the mucous membrane 
and multiple ulceration. Guyot' found the esophageal wall stiff and rigid with 
the mucous membrane stretched and adherent. Ulcerations with sharply demar¬ 
cated edges and dirty slouglis at the bases were seen. Vezina^ reported the 
esophagus of his patient to show that the mucous membrane covered the granu¬ 
lations Avhich bled easily’. A stenosis at the cardiac end could not be passed. 
Fontana' noted ulcerations Artth plaques of leucoplakia nearby’. The mucous 
membrane appeared to be involved in a “nonspecific” esophagitis Avith hy’pei- 
trophy of the Avail and dilatation of the tube above the lesion. Myerson'* de 
scribed an umbrella-like convexity of the esophageal wall which appeared in¬ 
tensely red and slightly swollen. The lesion bled easily. 
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Wntsoii-Willinnis” reported tlio endoscopic findings in four patients. In 
the first, there was a patcli of pale Icucoplnkin seen 3 cm. inside the esophagus. 
The middle one-third sliowed a well-marked esophagitis with patclies of pale, 
sodden epithelium, arranged in longitudinal streaks. His .second patient showed 
dilatation of tlie upper part of the esophagus. Below 27 cm. the mucosa was 
thickened and macerated; at 30 cm. there was a longitudinal dull streaking of 
the wails, apparently from denudation; at 33 cm, bright scarlet patches began 
to appear devoid of epithelium and bleeding on contact. At 37 cm. the whole 
circumference was superficially ulcerated and so contracted that only a small 
lumen remained. Ilia third patient had received antisyphilitic treatment before 
esophagoscopy. In this ease a diffuse esophagitis without special features was 
seen. The fourth patient showed the U])l)cr esophagus to be somewhat dilated. 
Tile walls were fial)hy n;id in tlie middle third were marked w'ith longitudinal, 
streak)' esophagitis. 

It Ls reasonable to .suppose that the endoscopic findings will var)- a great 
deal with the stages at which the cMminatioas arc made. Watson-Williams 
described the charaeteristic findings at esophagoscopy as “general esophagitis 
tending to alTect the middle two-fourtlis of the esophagus; maceration of tho 
epithelium with longitudinal desquamation going on to complete shedding of 
tho epithelium; formation of loukoplakic patches consisting of thickened epi¬ 
thelium only.” Tho exact locations of tho lesions in the various reports arc not 
nhva)'s given. However, tho "upper end” of tho asophagus was affected Bvice 
as often as the "lower end,” six lesions being noted in the upper part and three 
in the lower part. In all of IVatson-IN'iHiams’ ca.ses the middle two-fourths was 
given os tho site of affection. 


DISCUSIMON 

The diagnosis of tertiaiy .syphilis of the esophagus otU not often be made. 
In .spite of this, it seems reasonable that in view of the prcralcncc of .syphilis 
and the possibility that s)'philitic dysphagia may occur much more commonly 
than is generally accepted, the condition should be thought of in the case of 
every patient complaining of d.'i'sphngin. 

The blood serolog)- may or may not be positive and is only of leading diag¬ 
nostic significance, since an unknown number of those suffering any fomr of 
olMtmction of the esophagus uill have positive Wassermann and Kahn tests. 

Positive biopsy findings will establish some of tho diagnoses. It should be 
l>onie in mind that biopsy in tho esophagus is frequently ver)' difficult. Aveiy” 
felt that a histor)' of transitor)' attacks of mild diisphagin is very suggestive of 
sypliilis of the esophagus. 

flnyot’ considered as authentic eases of 8)'philis of the esophagus only those 
(n) recognised at post-mortem and (b) those found at esophagoscopy and cured 
by specific treatment. The diagnosis of tertiary syphilis of tho esophagus should 
not be made on tho basis alone of relief of dysphagia by specific treatment, be¬ 
cause d)’sphagia may be due to giunma in tho mediastinum, located in such a 
position as to cause partial obstruction by pressure, while not primarily involv¬ 
ing the esophagus. 
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Guyot^ mentioned the absence of pain in tertiary" syphilis as a possible 
differential point between this disease and carcinoma of the nsophagus. Four of 
the patients whose cases are reviewed complained of some sort of substemal 
distress. All the other reports do not mention the presence of pain or specifically 
say no pain was present.' Wile^^ stated, “Pain is not a marked symptom except 
during the act of swaUowng. When there is ulceration, pain may be present 
during repose as well as deglutition. In old standing cases where scaning and 
consequent nari-omng of the tube occur, the pain during attempted swallowing 
may be very severe.' ’ 

The length of time of the dysphagia appeal’s to be a fairly reliable differen¬ 
tial symptom. In those histories in which the duration was recorded the figures 
were—three years, eight years, seven years, several years, ten days, six weeks, 
three months, two months, four months, several "weeks, and eight weeks. The 
longer periods will, of course, eliminate esophageal cancer in any questioned case. 
The apparent fact that the clinical eoui’se of tertiary' syphilis of the esophagus is 
more prolonged than that of cancer -was preriously noted by Myerson.’- 

X-RAY EXAJHNATION 

Roentgen examination of the barium-filled esophagus is of great importance 
in the diagno>i; >jf any obstructive lesion. Wilcox'* has said that the roentgeno- 
scopic appcaraLi> c nf tertiary sy^philis of the esophagus is more or less character¬ 
istic. He described the walls of the tube as being veiy rigid ivith little change 
in contour or shie oi the barium column as the opaque bolus passes through the 
stenotic area. The barium has a finely irregular outline. This is in contra¬ 
distinction to carcinoma of the esophagus which, if extensive enough to produce 
rigidity of the wall for a considerable distance, will produce coai’se irregularities 
with more irregular canalization. In spasm of the esophagus the outlhie is 
smooth. 

ESOPHAGOSCOPY 

Avery" stated that very few descriptions of the endoscopic findings of 
tertiai’y syphilis of the esophagus are to be found in the literature. This phase 
of the examination is of the greatest importance and for this reason summaries 
of the endoscopic descriptions of cases as they appear in the literature are pre¬ 
sented here. 

Hanif’s® examination recorded severe injection of the mucous membi'ane 
and multiple ulceration. GuyoG found the esophageal "wall stiff and rigid ivith 
the mucous membrane stretched and adherent. Ulcerations "with sharply demar¬ 
cated edges and dirty slouglis at the bases were seen. Vezina* reported the 
esophagus of his patient to show that the mucous membrane covei’cd the granu¬ 
lations ■which bled easily. A stenosis at the cardiac end could not be passed. 
Fontana^ noted ulcerations mth plaques of leucoplakia nearby. The mucous 
membrane appeared to be involved in a “nonspecific" esophagitis with hyper 
trophy of the wall and dilatation of the tube above the lesion. Myerson’ de 
scribed an umbrella-like convexity of the esophageal wall which appeared in 
tensely red and slightly swollen. The lesion bled easily. 
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CAVBRNOSTOMY FOR RESIDUAL CAVITY AFTER THORACOPLASTY 

Early Closure of Ca\t:rnostojiy Sinuses Under Streptojiycin Protection 

James D. Murphy, M.D., Oteen, N. C., and (by invitation) 

E. Ransom Koontz, M.D., St. Petersburg, Fla. 

E xtrapleural thoracoplasty continues as the most commonly used major 
surgical procedure in the treatment of pulmonaiy tuberculosis. The results 
of thoracoplasty in terms of camty closure vaiy vndely in reports of different 
surgeons. Dolley, Jones, and Paxton' i-eported a seiies of 1,636 thoracoplasty 
operations in 1939. Among these patients 24.2 per cent were considered failures 
due to residual camty and active endobronchial disease. O’Brien, Day, Chap¬ 
man, and Tuttle^ reported residual cavities in 12.98 per cent of 511 thoraco¬ 
plasty patients. O’Brien® in objecting to routine preoperativc needling of 
cavities, stated: 


“We have well over 1,000 thoracoplasty patients and our percentage 
of ca\uty closure "will run from 80 to 90 per cent. Almost any report on 
a group of thoracoplasties will be the same.” 


Ki’jmskP reported a series of 308 cases of thoracoplasty from Sea View Hospital 
in 1947, in which 51.3 per cent were considered arrested. The operation has 
become rather well standardized by several generations of thoracic surgeons and 
nearly all thoracoplasties now done are technically good operations. The cause 
of the variation in number of residual cavities reported by different authors 
probably lies in the selection of cases rather than in the teclinique of the opera¬ 
tion. The deeper one goes in the barrel in the effort to salvage some of these 
questionable risks the higher \vill be the number of residual cavities. 

At the Veterans Administration Hospital, Oteen, N. C., 525 patients have 
undergone a thoracoplasty in the past five yeara. In 20 per cent of these a 
residual caUty has peraisted. There have been minor variations in teclmique 
in that an anterior stage was occasionally used if the cavity was in an anterioi 
position and the processes removed or the heads of the ribs disarticulated if the 
cavity was proved to be in the posteromedial poiHon of the upper lobe. These 
variations have not been considered determinant factoi’s in the number of 
residual cavities encountered. 

The success attained in eradicating these residual caMties often determines 
the success of the entire surgical progi'am. It is satisfying to olitain a negative 
sputum after a thoracoplasty, but it is doubly so, both to the surgeon and the 
patient, to attain success after an initial failure. The methods used and the 
results obtained in dealing noth these caidties at Oteen have been described in 


N C Department of Surgerj-, United States V’^eterans Admlnlstmtlon Hospital, Oteen, 

PubUshed with permission of the Chief Medical Director, Department of Medicine and 
Surgerj", Vetenyis Administration, who assumes no responsibility for the opinions express*: 
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niiotlior paper.” The insertion of n Monaldi cntlietcr concomitantly with the 
tliomcoplnsly, ns de.scribcd by A”inci>crg nnd Knnstlcr,” lins l)cen used in n 
number of imticnts witliout nltcmtion in tbc final rc.sults. 

At tile present time, when confronted witli a jioattlioracoplasty cavity, 
resection is given first eonsidorntion. Jjobectomy or pneumonectomy for residual 
cavity”'' has Iwcn done on 44 patients at Olcen since Januai'j-, 1947. The total 
mortality rate follou'ing these roscetions has been G.8 ]>or cent. Ninetj'-one and 
two-tcntlis per cent of the living patients now linve a negative sputum. Wound 
infection, empyema, nnd bronchopleural fistula complicate such operations frc- 
(jncntly enough to act ns a dotcrranl to unbridled enthnsiBsm for the method. 

Some patients, because of age, diminished pulmonary function, contralateral 
disease, or the size nnd location of the euWty, are not considered suitable risks 
for resection. In this grouj) of patients we are now u.sing oi>cn eavemastomy to 
obliterate the caWties. The discover}' of streptomycin, in 1944, by Schatz, Bugie, 
and Waksmnn* nnd the report of its effectiveness against the tulmrele bacillus in 
December of the same year by Feldman nnd Ilinshaw"”' "• caused us to use 
this drug ns an adjunct to i)cnnit early clasitrc of the resultant caverno-stomy 
sinuses. 

The histoty of eavemastomy, the surgical technique employed, and the 
results obtained in a group of 22 patients followed for periods of four to twenty- 
three months are pro.sentcd in this paper. Attention is given to the use of 
streptomycin as an adjunct to the procedure. 

HISTORY 

Cnvcmostomy, spelootom.v, or open drainage of tuberculous eavities was 
probably the earliest fomi of .surgical treatment used for pulmonaty tubercu¬ 
losis'”' and may well date hack to the time of Hippocrates.'”'" The earliest 
reported ca.so of incision of a tutwreulous cavity is that of Pheraeus who re¬ 
ceived a spear fhrast in battle wliicb opened a cavity in his lung and restored 
his health." In the famous de Bligny case, the son of JI. do la Genovrayc, a 
victim of phthisis had abandoned all hope of recover}', in the year 1670, when 
he received a sword wound which opened a cas-ity in the right lung and allegedly 
cored his tuberculosis."' "' '• 

Qodlce”" stated that Paschal, Par6, nnd Harvey incised the chest in desperate 
cases nnd drained tuberculous cavilies. Baglivi,”' in 109G, believed that opening 
a cavity led to cicatrization and advised an intercostal incision to permit the 
Introduction of medicaments into the eas’ity. 

Be Carboulcc"’ recorded the opinions of Barr}', Boerhaavc, Sharpe, Pouteau, 
DaWd, and Bell who opened tuberculous caWties vvith a lancet or trocar. Accord¬ 
ing to Elliott,” ns related by Hastings,”’ a Dr. E. Barry of Dublin,”* in 1727, 
recommended puncturing tuberculous camtiea as a means of curing phthisis and, 
m 1763, reported several cases in which ho had succe-ssfully used this method. 
Sharpe”" of Ireland, in 17G9, recommended incising tuberculous cavities if 
pleural fusion had occurred nnd introduced a gauze drain. Bell”” of Scotland, 
in 1778, referred to free incision of ‘‘alisccasea’’ in the lung nnd drainage by 
means of lend pipes. Gumprecht'" of Gottingen, in 1793, also advocated incision 
of tuberculous cavities. 
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In the nineteenth century, as stated by Le Carhoulec,^® incision and drain¬ 
age of tnbercnlons cavities was attempted or performed by Ramadge (1814), 
Calissen (1815), Zang (1818), Nasse (1827), Krimer (1829), and Hoekten 
(1844). About 1830, March (Dublin), according to Hastings,^*-incised and 
drained tuberculous cavities in two patients, one of Avbom recovered. Hastings, 
however, believed the diagnosis in the successful case to be a pulmonary abscess 
or empyema necessitatis. About the same time Thomas of Wales performed a 
similar operation. In 1845, Hastings-^ reported two patients with apical 
pulmonaiy ca\dtias in whom he procured the help of Stokes, a surgeon, to open 
and drain the cavities by insertion of a rubber tube. Improvement occurred 
in one case. 

Mosler,-® in 1873, punctured a tuberculous cavity wdth a trocar and cannula, 
vddened the wound with forceps, packed it A\dth gauze, and inserted a large silver 
drainage tube through which he irrigated the ca\dty with a dilute solution of 
potassium permanganate. Thereafter cavernostomy was performed vdth in¬ 
creasing frequency. Prior to 1885, incision and drainage of tuberculous carfties 
had been carried out bj' incision, or insertion of a trocar and cannula, through 
an intercostal space ■without resection of any portion of the thoracic cage. In 
the development of cavernostomy and in the advancement of thoracic surgery 
much credit is due de Cdreu'ville of Lausanne, Switzerland, because he not only 
performed the first thoracoplasty for pulmonaiy tuberculosis, but combined this 
proeedui’e with cavernostomy. In 1885,-® he reported four cases of pulmouar)' 
apical carfties in which he resected portions of the second and third ribs 
anteriorly and in two opened the cavities intentionally. For postoperative 
dressings he used gauze, cotton, iodofoim tampons, alum, thjunol, balsam, and 
caustic agents. Improvement, however, was only temporary’'. 

In 1891, Sonnenburg®® reported his famo'us case of cavernostomy in which, 
under Koch’s direction, he resected the fiirf rib and cartilage, opened into the 
cavity’ with thermocauteiy, and injected tuberculin into the wound which was 
packed with gauze. The result was remarkable and the patient was well five 
y’ears after operation. TuflSer,®^ in 1944, collected 45 cases of cavernostomy'. 
Seventeen of these tenninated fatally within three months after operation. He 
concluded that Sonnenburg’s ease was the only’ one vv’ith an incontestable 
fav’orable result. 

In the second decade of the twentieth century Sauerbruch of Germany' 
contributed gi-eatly to the development of cavernostomy. In 1920,®= he presented 
the theory’ that a reduction in the size of the tlioracic cage should lie obtained 
prior to cavernostomy’, either by a preliminary’ thoracoplasty or by extrapleui'al 
pneumonoly’sis or both. In his publication in 1930,he descrilied the technique 
of resection of portions of the ov’erlying ribs. The cavdtv was then entered 
by incision or cautery’ and packed with gauze. He also stated that after two 
or three months a soft tissue idastic operation could be pcrfonned to clo.sc 
the fistula. 

Cavernostomy' was of interest to European surgeons for many' y’cai'S prior 
to its introduction in the United States. It was not until 1924 that Gekler, 
Rankin, and WeigeP® reported three cases of cav'ernostomy in which post- 
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operatively gentian A-iolet and metliyleno bine Avere instilled into the cn\dtics to 
produce clicmieal sterilization, with favorable results. Lilientlinl, in 1927'* 
and 1929,“ reported a total of four cases of cavcrnostoniy for residual canty 
after thoraeoplasty and in 1931,’* reported two additional casca in which he in¬ 
serted a pcdicled muscle flap into the cavity, thus applying the original mcthoil 
devised by Pool and Oarlock" for closure of iiersistcnt hronehinl tlstula. ITc 
reported suecess in one instance and failure in the other. Bruns and Casper," 
in 1932, reported 22 ca-scs of eavernostomy with disaiipointing results. In 1939, 
Eloesser” densed his U-shaped skin flap technique for drainage of tulicrcnlous 
empyema and shortly thereafter he and others adapted tliis tcchni(|Uo to eavern- 
ostomy. In 1937, Ncuhof" advoeated clo.snre of residual hroncho<‘ntancouR 
fistula after eaA’crnostoniy by means of a fat transplant when simple plastie 
repair failed. Alexander,*' in 1937, mentioncii the use of a iKslicled mn.selc 
graft to clo.se residual bronchocutaneous fistula. 

Up to comparatiA’ely recent years eaveniostomy has liecn fraught with so 
many dangers, diflleultics, and poor results that none of the many surgeons who 
Imve attempted it have continued to u.se it as a standard procedure. IJcvival of 
interest in cavernasfomy came along with new concepts or theories as to the 
mechanics and aerodynamics of formation and closure of cavities. Hall,*' in 
the British Isles in 1922, after study of pathologic simeimens, first called at¬ 
tention to the importance of the condition of the bronelins draining a cavity and 
described a flap valve mcehaniam, Aincnillo and Levesque (1923),*’ Kloessor 
(1934),** and Korol (IfiSS)*’ also emphasized the importanee of the state of the 
connecting bronchus. Cor.vllos,** in 193C, made a meritorious contribution when 
he postulated that changes in the sire of cavities and their closure or resistance 
to healing were due to the state of the connecting bronchial ojicnings. lie and 
Ornstein*' noted on the theory that tho cavit.v would close it the draining 
bronchus was obliterated. They attempted this olilitoration by (1) an Intra- 
cavitarj- transthoracic injection into tho cavity of various sulistanccs, (2) cauter¬ 
ization of the bronchial openings through a cavonioscoiio, and (3) intracnvitaiy 
transplantation of a podicled muscle flap. Tho rci>orl of their remilts in 1938 
was not encouraging. 

Eloeasor,**' *' Salkin, Cadden, and Jlcindoc,’*’ Shipman," Pinner,” Auer¬ 
bach and Green," Brunn, .Shipman, Goldman, and Ackerman," Goldman," 
Shipman, itogers, and Daniels,"'" and others recognized the important role of 
tho draining bronchus in “teasion cavities,’’ but disagreed ns to the nccessit.v 
of closing the draining bronchus to bring about clo.snre of tho cavity. Tliey 
recognized the fact that other factors, termed by Eloc-sser ns extrinsic, also 
played a role in the formation and closure of cavities. Other authors also con¬ 
tributed to our modem understanding of cavity mcchauic.s. Among these are, 
Pearson," Brooke," Amcuillo, Delhoniine, and Raust,"" Ijoosch," Thomas," 
Jleyersburg, Grulier, and Lupo," Riggins and Gearhart," Jlnicr," LcCarliouloe,"’ 
Vineborg and Kunsticr,” Bernou," Bobrowitz,*' Brock,”" and I'Ivcn and Ijocoour."* 

Among the most detailed studies of cavemostomies in recent years have been 
those of Lc Carboulec,"'Hoehberg, P’ink, and Chardack" and O'Brien, 
O’Rourke, Test, and Skinner." Lo Carlxmlec msed the ojioration only for 
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residual postthoracoplasty ca^dties and emphasized the necessity of weekly 
postoperative cauterization of the walls of the cavity and the bronchial orifices. 
He stated that contrary to some other authors he had always found several 
bronchial openings communicating udth the cavity. The purpose of the cautery 
in his opinion is not to obliterate the bronchial orifices and achieve cure by 
atelectasis but to destiny the tuberculous focus at its site. By relieving the 
cavity of its caseous burden it then is permitted to heal by swelling and con¬ 
traction of its walls. In his series of 21 cases there were two operative deaths. 
Among the 19 survivor’s, 13 had a negative sputum and a healed wound. In 6 
patients a sinus persisted or there was an ipsi- or contralateral exacerbation 
of disease. The average duration of drainage in the healed eases was 12 months. 
The author stressed the fact that cavernostomy should be used only in post¬ 
thoracoplasty cavities in whom the cavity represents the sole remaining focus 
of disease. 

In 1945, 0 ’Brien and associates reported a group of 74 patients upon whom 
they had performed a cavernostomy. Among these were 13 patients who had 
a residual postthoraeoplasty cavity. Fifty-five per cent of the 11 patients who 
survived in this group were reported as healed and arrested. Nine per cent were 
improved, 9 per cent unclassified and 27 per cent dead. Among the living 
patients of the entire series who had been operated on earlier than one year prior 
to the preparation of the report wound healing occurred in 56 per cent. These 
authoi’s did not use the skin flap teclmique. 

TECHNIQUE 

The operation is performed in tAvo or more stages. The cavity is fii'st 
localized Avith posteroanterior and lateral x-ray films. A lead marker is fixed 
to the skin in the subclaAdcular and midaxillary area before exposure to aid in 
localization. Planigrams are also taken to determine the level of the cavity 
and for comparison in the postoperative determination of cavity closure. In 
most eases the best site for approach to the cavity has been found to be the 
midaxillai’y region. 


FIRST STAGE 

The first stage is performed imder general anesthesia. A U-shaped flap 
skin is raised AAuth the free end distally. The flap is made long enough to permit 
insertion of the free end into the caA'ity when it is opened at a later date. 
Excess fatty tissue is removed. Regenerated ribs and muscle bundles overlying 
tlie cavitj^ are excised over a Avide area. The parietal pleura is exposed by dis¬ 
section AAuth small “broncliial sponges” and as large an extrapleural space as 
possible developed. The free end of the skin flap is then tucked into the wound 
Avhich is packed Avith plain gauze. A metal skin clip is fixed to the end of the 
gauze packing and placed at the projected site of the cavernostomy. This serves 
as a guide to the best approach to the cavity when later x-ray studies are made. 
The Avound is then closed as tightly as possible ai’ound the skin flap Avith inter¬ 
rupted chromic No. 1 sutures for the deep tissues and nylon sutures for the skin. 
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KKCONU STAGE 

Tlic second stnge is jicrformcd 30 to 14 dnj-s later. There is occasionally 
a moderate amount of seropimilcnt drainage from the wound during this inter- 
Tol. Local anesthesia is used for the second stage in order to preserve the cough 
rcllc.x and aid the patient to expel any hlood or pus that might enter the bron¬ 
chial tree. The wound is reopened and the pack removed. The site of the skin 
clip is noted and compared with x-ray films to aid in localizing the cavity. 
Pleural fu.sion is first assured hy needle n.spiration. An attempt is then made 
to enter the cavity with an 18-gaugc needle attached to a syringe. It is iviso 
to .sound a note of caution at this i>oint. Follon-ing a thoracoplasty the superior 
portion of the upper loho is compressed to a narrow tongue of tissue which ex¬ 
tends upward between tlie mediastinum and the collapsed che.st wall. On the 
left side the aorta must lie avoided as well ns the suhcla\’ian vessels. On the 
right side the azygos vein and the superior vena cava are endangered. AVhen 
the ca\-ity is entered, mnnometrie readings are taken liefore and after injection 
of 10 C.C. of air through the needle and following withdrawal of 20 c.c. of air. 
These readings sen-c ns an indicator ns to whether or not we arc dealing \vith 
a blocked cavity. If the bronchus draining the cavity is open the pressure 
readings will not be altered hy introduction or withdrawal of air. If the cavity 
is blocked hy a valve the readings will be elevated to -fS to -rl4 on introduction 
of 10 c.c. of air. When 20 c.c. of air Ls then withdrawn readings of -3 to -i-3 
are obtained. As large an area of the canty os possible is then unroofed. This 
may be done hy the clectrocautery blade or, if the large vessels are threatened, 
by sharp dissection. The distal end of the skin flap is then sutured to the 
cavity wall Avith mattress sutures of chromic No. 1 gut and a gauze pack placed 
into the cavity and wound to hold the flap in place. If the site is too inaccessible 
the sutures are omitted and the gauze pack relied upon to hold the flap in 
situ. Wo have often failed to locate the cavity at this stnge and have then re¬ 
packed the wound and made further x-ray studies before finally entering the 
cavity. 

POSTOPBRATIA'E CARE 

If the canty is successfully entered the pack is left in place for four days. 
It is then removed and the sinus packed daily Avith gauze moistened Avith an 
antiseptic solution. Formerly avo used one composed of egual parts of penicillin 
(250 units per c.c.) and a 1 per cent solution of acetic acid. At present we are 
using Chloresium. This regime has kept the Avound clean and free of pyocyaneus 
infection Avhich Ave occasionally encountered prior to its use. Penicillin is ad¬ 
ministered intramuscularly for a few days before and after each stage mitil 
the temperature reaches the normal leA-el. It is necessary to gently dilate the 
eavitj- stoma with the gloA'ed finger at Avccklj' intervals in order to prevent too 
rapid contraction of the opening. 

CLOSURE OP THE CAVERNOSTOMY 

After a period vaiying from three to Ua’c months the drainage usually 
becomes thin and scant}'. The sinus tract narroAvs and epithelializes. The 



228 


THE JOURNAE Of thoracic SURGERY 



10-24-47 1 — — 1 — 1 Open | Open 1 Pos. Contralateral reactivation 



JIUKr-JlY AND KOONTZ; a.U’KRNOSTO.MY yOR RmIDDAL CA\TrY 229 









230 


THE JOURNAL OF THORACIC SURGERY 


sputum is studied by concentration and culture and the sinus secretions by 
culture for acid-fast organisms. If three successive cultures of both the sputum 
and drainage material are negative and planigrams indicate an eradication of 
the cavity, elosui'e is attempted. Our present policy is to administer a 1 6m. 
daily dose of streptomycin for one week preoperativelj" and two weeks post- 
operativelj'. This is divided into two doses of 0.5 6m. each. 

Under general inhalation anesthesia given through an intratracheal catheter, 
the skin flap is freed and the sinus tract excised. As much regenerated bone as 
possible is again removed from around the sinus and a pedicle graft developed 
from the edge of the peetoralis minor muscle. The free end of the graft is 
fixed in place at the site of the pre\dous ea%'ity by mattress sutures of No. 1 
chi’omic gut. The excess sldn flap is excised and the wound closed with inter¬ 
rupted chromic No. 1 sutures for the deeper structures and nylon for the .skin. 

COMPLICATIONS 

Traumatic pneumothorax occurred during four operations. One patient 
died, the othera I’e-expanded, and the operation was later completed. Reactiva¬ 
tion of disease oecui'red in 3 patients. One was the patient who died. He had 
a moderate contralateral reactivation at the time of death. Another patient 
developed a second earity in the lower lobe some distance posterior to the 
original cavity wliich had been drained anteriorly. The posterior carity was 
opened from a posterior approach. The third is clinically improved although 
the sinus has not been closed. 


RESULTS 

The results of the entire series are given in Table I. 
The combined results are given in Table II. 


T.\ble II. Results of r.wEnxosTOMv Semes 


CAVITIES 
OPEXED 1 

CAVITIES 

CLOSED 

1 DEATHS 

SPREADS 

NEGATIVE SPUTDJI I 
1 IX CLOSED 

SINUSES 

r.ECunr.ENCE 

I IN CLOSED 

1 - SINUSES 

EARLY 

LATE 

NUMBER 

PER CENT 

NUMBEF. 

PER CENT 

1 NUMBEP. 1 

PEB CENT 

23 

1(1 

1 

0 

2 

S.7 

1.3 ! 

SL2 1 

1 2 

12.5 


Twentj'-three patients with residual postthoracoplasty ea%dties have had 
their ea^dties drained by an open eavernostomy. Sixteen have had the resultant 
sinus tract closed by a muscle plastic operation, using streptomycin as an ad¬ 
junct. Thirteen of Uiese have been closed and followed for periods varying 
from one to two years. 

One patient died follo'wing the first stage operation. Traumatic pneumo¬ 
thorax was incurred at the operation and a contralateral spread followed. 
Death occurred suddenly on the twenty-first postoperative day, apparently of a 
pulmonary embolism. 

Seven patients stiU have a draining sinus. Three of these are recent cases 
and will ultimately be closed. The remaining three were poorly selected cases 
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nnd cannot be closed. The jirerecinisitc e.stnblishod by Le Cnrboulee tliat the 
cavity must represent tbe sole remaining focus of disease was not followed. 
One of these patients hud caacous disease in the entire lung nnd although the 
Cavity has apparently I)een erndiented a pneumonectomy will ultimately lie 
required. One patient has requiied a .second drainage of another cavity in 
the same lung. Ho has .sbou-n dramatic clinical improvement nnd recently had 
a negative concentrated sputum for the first time in five years. The thiid 
patient leprcsented a salvage attempt. A giant cavity occupied an entire limg 
in a patient unth e.'cti'Cine to.\-ic symptoms. A Jlonnldi drainage was followed 
by a thoracoplasty nnd finally an oircn cavernostomy. He also has ahomi dra¬ 
matic clinical improvement. Contralateral eantntion is being controlled. No 
effort has Ircen made to close the sinus. 

Si-Xteen patients liad the sinas clo.sed by a mn.sclc plastic operation. In 
tlircc patients, tissue sections of the excised .skin flap were made at the time of 
closure. The findings of Corj-llos*' were confirmed in these for typical tubercles 
were found in the section. All iroiinds except one healed by primary intention 
or after one to two weeks of drainage. In one patient, despite three attempts 
at closui'c a small sinus continues to dmin intermittently. One patient whose 
wonnd had honied by primary intention had a recurrence of the sinus and a 
positive sputum thirteen months later. A bilobectomy was then done nnd the 
patient now has a healed wound and a negative sputum. 

Thirteen of the patients whose sinuses were closed have a negative sputum. 
The patient with the iicrsistent sinruf has an occasional positive .siHttnm. The 
patient with the persistently iwsitivc sputum obtained a .succcssfrd result follow¬ 
ing the caveruastomy. lie had a negative sputum for several montlis following 
closure. Ho is an alcoholic, however, and ultimately developed a contralateral 
cavity. The patient who had a lobcctom.v for I'ceuri'ent canty and positive 
sputum now has a negative sputum. 

The residual cavity has been definitely eradicated, as revealed by plani- 
grapliie .v-ra.v studies in 12 of the 1C patients whose .sinuses rrere closed. Three 
of the romainder have planigraphic x-ray studies consistent uith bronchiectasis 
in the former cantarj' area. Two of these have a consistently negative sputum 
nearly two years after elo.surc. Oiio definite recurrence of sinus and cavity 
required lobectomy. 

CONCLUSIONS 

1. The technique of cavomostomy in a eonsecutivo series of 22 patients 
who had a residual canty after thoracoplasty has been presented. 

2. The use of streptomycin as a proteefivo agent in surgical plastic closure 
of cavernostomy openings in IG patients lias been discussed. Streptomycin has 
made possible the early closure of sinuses resulting from cavemostomies with 
complete healing of 93.7 per cent of 16 attempts. 

3. ■ Cavernostomy with streptomycin as an adjunct offers a satisfactory form 
of treatment for patients witti residual cavities wlio are not suitable risks for 
resection. 
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biaphuaqmatic iiubnia 

ITERnKitT WiuA' Meyer, M.D. 

New Tore, N. Y. 

INTRODUCTION 

I N THE past decade outatandiiip nrticlca have appeared in the literature on 
diapliragnmtic hernia. It is n condition which nowadays is diagnosed clinically 
aith greater frequency than it was some twenty to thirty ycai-s ago. Harrington, 
Hedhlom, Tmcsdale, Ladd and G'ro.ss, Marks, Donovan, and Sweet have con- 
trihiited much in American literature on this subject. 

Historically Pari, in 1579, reported the auto])S>- findings in a case of 
diaphragmatic hernia cau.sed by trauma. Cooper reported several cases in 
1796. Between ISTiG and 1920, Howlands found only two easc-s in the records of 
Guy’s Hospital in Imndou. 


EMBRYOlXKIV 

The development of the diaphragm and the descent of the stomach, as well 
a.s the formation of the pleund and ])critoneal canties, makes the diaphragm 
susceptible to weak areas through which hcniias may occur. They may be 
present at time of hirth or may develop later on in life. 

The complc.\ separation of the celomic cavity into pleural, pericardial, and 
peritoneal cavities begins in the 2.1-mm. embryo. It is completed in the 20-mm. 
emhiyo. If a hernia of a portion of the gut occurs liofore thi.s division is 
completed, the loops of Itowel will not lie covered by serous membrane. The 
hcniia would not be a true one. If the hernia occurs after the serous canties 
are formed but liefore the mu.scular elements of the diaphragm have completely 
fusetl, the Imwel would be covered by serous membrane. It -would then be a 
true hernia. The communication between the pleural and imritoneal carities 
closes in the third month of intrauterine life. 

The muscle fibeis that grow in between the pleural and peritoneal cavities 
are deiived from the third and fourth cervical myotome, while in the conical 
region. 

The anterior, lateral, and central portions of the diaphragm develop from 
the septum transversum and the fused ventral raesentorj'. 

The iKisterior, lateral, and central portions of the diaphragm are formed 
by the fusion of the dorsal mesentery' and me.soderm rvith the pleuroperitoneal 
membrane. This membrane is derived from the pulmonary ridge. Unilateral 
absence of the diaphragm is probably due to failure of development of the 
pleuroperitoneal membrane. It Ls then foimd ns a narrow ridge of Hssue along 
the posterior wall of the thorax. 

The mesoilermal cells derived from the rc'ceoding Wolffian body form the 
right and left crura of the diaphragm. 

rr-(by title) at the Twenty-olphth Annual Meetlne of The American Awoclatlon for 
inoraclc Surseo’, Quebec. Canada, May II. June 1, 2. 1948. 
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The dorsal mesentery forms the posterior and central portions of the 
diaphragm. This portion contains the esophageal hiatus. 

The pleuroperitoneal membrane grows vcnti'ally. It closes the remaining 
opening, namely, the pleuroperitoneal hiatus lietween the pleural cavity and 
the peritoneal cavity. This closui'e occui’s hy fusion between the pleuroperitoneal 
membrane and the septum transversum. This forms the lateral portion of the 
diaphragm. The hiatus closes in the 17- or 18-mm. embryo on the right side, 
and in the 19- or 20-mm. embiyu on the left side. 

If the mesoderm is not properly deposited at any of these adjacent points 
of union, or if there is failure of proper fusion, it may result in the congenital 
continuity of the pleural and peritoneal ca^dties; or it may result in congenital 
weak points in the diaphragm. These weak points would occur at points of 
fusion of the previously named structures. 

These weak points would be at: 

1. Foramen of Boehdalek—pleuroperitoneal hiatus situated domo-latcrall}'. 

2. The outer crus. 

3. The esophageal hiatus. 

The stomach descends behind the septum transveisum. It should have 
reached its permanent site before the left half of the diaphragm is closed. If 
tliere is a delay in the descent of the stomach, the lumbar portion of the dia¬ 
phragm will not have developed perfectly and the esophageal hiatus mil have 
developed around the cardia of the stomach instead of around the esophagus. 
This results then m an unusually large esophageal hiatus. There null he a 
deficiency in both the muscle ring and in the attachments of the diaphragmatico- 
esophageal membrane. The abnoiinal position of the stomach will cause the 
widening of the esophageal liiatus and a %ride space between the marrpns of the 
muscle and the wall of the esophagus. It will also cause improper fixation of 
the elastic membrane between the muscle margin and the stomach and esophagus 
as well as an abnomally large peritoneal fold extending well down on the cardia 
of the stomach. 

The more defective the development of the esophageal hiatus the greater 
are the chances that an esophageal hiatus hernia may develop later on in life. 

The dome of the diaphragm is not a fusion region. Therefore, any hernias 
that occur through this portion of the diaphragm cannot be attributed to 
embiyologic development. It must be due to either degeneration of the muscle 
or some other pathologic condition or injury. 

Embrj'onic and congenital hernias are, however, the result of impropei 
development of parts of the diaphragm. Persistence of the dorsopleural recess 
may be a factor in the origin of these hernias. 

All of these factors explain the fact that diaphragmatic hernias arc more 
common on the left side than on the right side. 

ANATOMY 

The diaphragm is composed of three parts Avhich insert into a central 
tendon. These parts are; 

1. The sternal portion. 
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2. Tile costnl iwrlion, 

3, Tlio lumbnr iiortion. 

Tlio aternnl (lorlioii nrises from the xiphoid inwicsa. The costal portion 
arises anteriorly and laterally from the six lower ribs. The Inmbar portion 
arises posteriorly from the criini and from the two Inmboeostal arches. 

The emm arise from the fii^st three lumbar vertebrae. 

The medial lumboco.stal areb of Haller is a fjbroas band which extends from 
llic body of the second lumbar vcriebi-a to the tip of the first Inmbar transverse 
liroecss. Under this arch passes the p.soas muscle. The lateral lumlmcostal arch 
of Haller e.xtcnds from the tip of the first lumbar traim’crse process to the 
twelfth rib. The quadratas lumimrum muscle passes under this arch. 

Even in a normal adult there may l>c a trianpular .space which separates 
the muscle fibers of the outer crura of the lumbnr imrtion and the last mnsculnr 
portion of the costal portions of the dinphi-n;nn. This .space is filled in by a 
thin layer of connective tissue, the continuation of the iliac fa.sein, which is 
covered above by iileurn and below by peritoneum. This layer of connective 
tissue is less clastic than the sunvuindinp fil)ci’s and, tbciyforc, may be more 
easily tom. This area Is protected by the liver and by the fatty tissue sur- 
roundiiiK the adrenal and kidney on the ripht, or else it would more often be 
the site of beniins. It c.xploiiLS the fact tlmt 95 i)cr cent of all hernias occur 
on the loft side. 

Failure of fusion of the lumbnr and costnl portions in children results in 
a ])ersistent hiatus in this trianpular space or the hiatus pleuroperitoncalls. 
This was doserilicd in 1848 b.v Bochdalek and, therefore, is commonly called the 
fomnicn of Bochdalek. The apc.x is curved toward the central tendon upward 
and forward. The base is turned domiward and somewhat backward and partl.v 
wsls on the twelfth rib. The borders of the foramen are mu.scular and are of a 
.somewhat .sphinctor-liko construction. 

The inner crus of the diaphragm is separated from the middle ems by 
slits through which pass: 

1. The greater and lessor splanchnic netwes. 

2. The vena aiygos major on tho right, although it may pass through 
the aortic opening. 

3. The vena azygos minor on tho left. 

These are not sites for hernias. 

If there is a failure of fusion of the sternal portion rvith the costal portion 
of the diaphragm, an opening exists to cither side of the xiphoid process. This 
opening is filled in with areolar tissue and is covered above rvith pleura and 
below with peritoneum. The deep epigastric vessels pass through this space. 
These openings are called the foramina of Jlorgagni or Larrey’s spaces. 

The diaphragm and transversus abdominis muscle are continuous with 
one another. This can be readily demonstrated by separating them from the 
wwtal arch. This converts the two muscles into a continuous fibrorauscidar 
slieet with a common aponeuro.sis. With the rectus sheath and the lumbar fascia 
this sheet encloses tho abdominal cavity (Rives and Barker). The diaplu^gm 
IS conthiuous with the Inner fibinmuseular layer of tho abdominal wall. 
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There are several openings in the diaphragm through which important 
stnictures normally pass; 

1. Aortic opening. 

2. Opening for the vena cava. 

3. Esophageal hiatus. 

The aortic opening is actually behind the diaphragm at the level of the 
first hunbar vertebra. The crura fonn the lateral boundaries as they extend 
forward from their origin on the anterior aspect of the spine. The opening is 
bounded by dense fibrous tissue. The azj’^gos vein and the thoracic duct pass 
through this opening close to the aoita. No hernia has ever been knoivn to 
occur through this opening. 

The vena cava opening is higher and more anterior on the right side. It 
is at the level of the interverteliral disc bertveen the eighth and ninth vertebrae. 
It lies udthin the central tendon and is protected bj’^ the liver. It is not the 
site of hernias. 

The esophageal hiatus is more anterior than the aortic opening and is at 
the level of the tentli thoracic verdebra. It transmits the esophagus, the eso¬ 
phageal vessels, and the vagus neiwes. It lies entirely wdthin the muscular 
portion of the diaphragm. It is surrounded by decussating muscle bundles of 
the crura before they spread out and insert into the central tendon. The size 
of the opening varies greatly. The muscle bundles of the hiatus are innervated 
by the left phrenic neiwe. It is normallj' situated to the left of the midline. 

The muscle fibers of the hiatus are only loosely approximated to the lower 
end of the esophagus and are not directly attached to it. The diaphragmatico- 
esophageal memlirane brings about the fixation of the diaphragm to the lower 
end of the esophagus and the upper end of the cardia. It is inserted into the 
lower 2 to 3 cm. of the esophagus and the upper 1.5 to 2 cm. of the stomach in 
a faulike manner. It is composed of elastic and fibrous tissue. 

The membrane allows a certain amount of mobility between the diaphragm, 
esophagus, and cardia during swalloAving and respiration. It acts as an 
antagonist to the longitudinal muscle fibers of the esophagus which tend to pull 
the cardia through the liiatus. 

The abdominal portion of the esophagus is loosely covered to the left and 
anteriorly by peritoneum. The uppermost portion of the stomach is loosely 
covered by peritoneum for 2 cm. anteriorly and 3 cm. posteriorly. Here the 
peritoneum fuses vrith the serous covering of the stomach. The union of these 
two folds forms the gastroplirenie ligament which fixes the cardia of the 
stomach to the diaphragm. The ligament continues to the left to form tlie 
phrenico-colic ligament. Under this loose peritoneum is a fat pad. This loose 
peritoneal attachment aUow's free motion of the esophagus without traction on 
the peritoneum (Harrington). 


CLASSIFICATION 

Tliere is no universally accepted classification of diaphragmatic hernia. 
The two best classifications are the one by Harrington and the one by iMarks. 
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Harrington classifies the hernias into: 

]. Nontrauniatic. 

2. Trauinntic. 

Tile nontniuniatie licrnins are again divided into; 

1 . Congenital—at birth. 

a. through foramen of Bochdalck 

b. esophageal hiatus 

c. through foramen of Jforgagni 

d. through ah.sencc of the diaphragm 

2. Acquired after birth. 

a. through esophageal hiatus—with sac 
h. through region of the fusion aniuges of the dini)hragm 
c. through the .sites of congenital hernia 
The traumatic hernias arc divided into: 

1. Indirect—by crushing injurj-. 

a. at any point of the diaphragm 

1). through the c.so[)hageal liiatu.s—^iisually with sac 

c. through the lent of the diaphragm—trsually no sac 

2. Diroet. 

a. by mi.ssile or tmife 
h. rupture due to 

1. necrosi.s—nlisccss below diaphragm 

2. inflammntorj- necro.siH in empyema -n-ith pressure necrosis 
of drainage tul»c usually in the imstcrior diaphregm tvith 
no sac. 

Jfarks’s ela.ssification is also a iBofuI one. It is based on his findings ui 
x-ray studies of 29 eases over a period of two and one-half years. He bases it 
on whether the cases are amenable to surgical repair or not. 

His classification is; 

1. Thoracic stomach \vith verj- short e.sophagus and entire stomach 
almve the diaphragm. 

2. Diaphragmatic hernia with .short esophagus, part of the stomach 
above the diaphragm. 

3. Hiatus licniin—esophagus of noininl length, hernia through hiatus 
composed of stomach, possibly the colon. 

4. Congenital hernia— 

a, through the foramen of Bochdnlek 

b, through the foramen of Morgagni 

containing largo and small bowel, frequently with other orgams. 

5. Congenital alaence of diaphragm. 

6. Eventration of diaphragm. 

7. Traumatic hernia. 

The typo of hernias that require surgical inten-entiou arc; 

1. Esophageal hiatus hernia. 

2. Traumatic—direct or indirect, inflammatoiy, or necrosis of tlie 
diaphragm. 
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3. Absence of the diaphragm. 

4. Hernia through the hiatus pleuroperitonealis—foramen of Boch- 
dalek. 

5. Hernia through the foramen of Morgagni. 

Signs of hernias that require surgical intervention are: 

1. Cases in which the stomach alone is involved. When these hernias 
get bigger, the omentum and colon also enter tlic hernia as well as 
the spleen. 

2. Cases in which multiple organs are involved as the traumatic or 
congenital hei’uias. Tlie symptoms may become more varied and 
severe, and there may be development of obstruction or severe 
hemorrhage. 

THORACIC STOMACH 

Bailey described this condition in 1919. It is not acquired but is a con¬ 
genital abnonnality. It is not amenable to surgery. All or nearly aU of the 
stomach is above the diaphragm, fixed by reason of an cxtremclj' short esophagus. 
It is really not a hernia. The stomach never was in a normal position. To he 
a hernia the organ must have been in a normal position and then sliifted into 
an abnormal position. The esophagus enters the top of the stomach and may he 
only three inches long. The pylorus lies at the hiatus, above or just below the 
diaphragm. The esophagus may end at the level of the fourth thoracic vertebra. 

DIAPHR.AGMATIC HERNIA WITH SHORT ESOPHAGUS 

1. The stomach is surrounded by a serous sac. 

2. The esophagus ends at the level of the seventh or eighth thoracic vertelira. 

3. The stomach is in the postei’ior mediastinum. 

4. It is important to differentiate as surgical repair is possible but is ver}' 
difficult. 

5. The difference between normal and abnormal length of the esophagus ma) 
be only a matter of centimeters. 

6. The upper end of the stomach looks like a dilated esophagus, and there 
is no evidence of a rounded fundus. 

7. The esophagus enters the stomach at the uppermost poiTion. 

8. In a true hiatus hernia the esophagus is not shortened but is tortuous. 
The entrance into the stomach is to one side or other, not in the midline at the 
apex of the stomach. 

9. The hiatus hernia is sometimes only seen on x-raj’’ examination ivitli the 
patient recumbent, supine, or in Trendelenburg posture. In a shortened esopha¬ 
gus the stomach is at all times udthin the chest even with the patient erect. 

10. The stomach must remain at all times partiallj’’ udthin the chest. 

11. A hiatus hernia is only risuaUzed in the erect posture if large oi i 
the structures are adherent. 

12. Frequently, a stricture is present at the junction of the esophagus with 
the stomach, and there may be some difficulty in s'v\'aUo^ving. 

13. A shortened esophagus may be treated surgically in some instances. 
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14, Harrington has reported eases in which the left diaphragm was para¬ 
lyzed and the liiatiis could then he clo.scd around the esophagus alwve the 
stomach. It depends a great deal upon the symptom complex whether sui'gical 
repair should lie contemplated and undertaken. 

nUTUS IIERNU 

The esophageal hiatus hernias may be divided into: 

1. Small hernias with the pouch of hemiafed stomach alongside the esopha¬ 
gus, the so-called paraesophageal hcniin.s. The esophagus is below the dia¬ 
phragm. These cases foimed one-third of all the patients operated on by 
Harrington. 

2. Large heniias in which the esophagus lies alwve the diaphragm hut is 
not short. The stomach e.xtcnds into the mediastinum and may fill the medi¬ 
astinum or it extends either into the left chest or possibly the right chest. These 
cases formed two-thirds of the cases operated on by Harrington. 

3. Verj- small pulsion types of hernias due to the ineompetcncy of the 
hiatus. This occurs in older persons due to atrophy of the diaphragmatico- 
esophageal membrane. 

With younger pei-sons, it the hiatus is abnormally large, a hernia may 
develop u-ith increased intra-abdominal pressure, respiratory difficulties, or by 
trauma. In older persona with abnormally large hiatus and with atrophy of the 
diaphragmatieo-csophagcal membrane hernias may develop. These belong to 
flroup 3 above. 

In the smaller types of hernia the clastic membrane forms one of the cover¬ 
ings of the hernial sac. In larger hciiiias the membrane is pushed fonvard and 
the hernial sac enters tlic posterior mediastinum without any barrier. The loose 
peritoneal fold fuses with the stomach serosa farther down than normal in true 
hernias. The peritoneal fold and the gastrophrenic ligament join the cardia of 
the stomach in an abnormal manner when the liiatus rauseular ring is abnormally 
enlarged. These hiatus heinias, thci-cforo, arc probably the result of delayed 
descent of the esophagus in relation to the development of the lumbar portion 
of the diaphragm. 

The smaller hiatus hernias may turn into the larger hernias similar to other 
types of sliding homias, OccasioiiBlly, the lower end of the esophagus may 
dilate. 

Hiatus diaphragmatic hernias arc tlie most common type. They must 
constantly be considered in the differential diagnosis of upper abdominal pa¬ 
thology. The largo hiatus hernias must bo differentiated from the thoracic 
stomach witli a short esophagus. If a good part of the stomach passes up through 
the hiatus, the gastrocolic omentum may drag a portion of the colon up with 
the stomach into the hernial sac. The stomach may frequently be inverted. It 
usually lies to tlio left of the midline. The intiathoracic portion usually rotates 
with the axis passing thmugh the cardia so that the greater curvature lies 
cephalad. 

Symptoms .—These may bo vague. The size of the hernia docs not have 
much relation to the symptoms. Small hernias may give severe symptoms. 
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The symptoms may depend on the time of examination and the stage and size 
of the hernia. Older and Pitko have described a hiatus hernia syndrome: 

1. Feeling of pain, fullness, or distress in the epigastrium and 

under the tip of the xiphoid coming on at the beginning of a meal. It 

may be so severe that the patient has to stop eating. 

2. When the patient gets up and walks about the sjmiptoms sud¬ 
denly disappear and the patient can continue eating the meal. 

This syndrome practically permits a diagnosis of a hiatus hernia. Cardiospasm 
and esophageal diverticulum can give similar sjunptoms on beginning a meal, 
but when the patient walks about the symptoms do not disappear as quickly. 

The coexistence of other intra-abdominal conditions must constantly be 
kept in mind. There is a high incidence of coexistence of duodenal diverticulum 
and colon diverticulosis. AVeintraub and Tuggle in 310 cases of duodenal 
diverticulum found a coexistence of 9 per cent of hiatus hernia and 23 per cent 
of colon diverticulosis. 

Pain, distress, eructation, vomiting, dyspnea, heart palpitation, and weak¬ 
ness are frequent sjouptoms. These symptoms may be verj’’ severe with pain 
radiating down the left am. Some of these symptoms may be caused by pres¬ 
sure on the vagus nerve in the esophageal hiatus. These symptoms may be 
relieved as mentioned previously in the syndrome findings by assuming the up¬ 
right position or by lying down, by soda bicarbonate, by induced vomiting, by 
belching, or by defecation. Hemorrhage with secondary anemia are complications 
which are quite common. Erosions, uleei's, and varicosities of blood vessels occur 
in the herniated portion of the stomach. 

Differential Diagnosis .—The main diseases from which hiatus hernia must 
be differentiated are : 

1. Gastric or duodenal ulcer. 

2. Cholecystitis with or without cholelithiasis. 

3. Hyperacidity or secondary anemia. 

4. Cardiac disease, especially angina pectoris. 

5. Carcinoma of the eardia, stricture and diverticulum of the esophagus. 

6. Aiipeudieitis. 

7. Intestinal obstruction. 

One must constantly be conscious of the possibility of the presence of a hiatus 
hernia in addition to any one of the preceding conditions. 

Physical Signs .—In small or medium hiatus hernias physical signs art 
absent. Only in the large hernias are signs present and then may be present or 
absent at various times of examination. There may be asymmetry of the chest 
with widening of the intercostal spaces. Percussion may elicit shifting tympany 
and dullness. Auscultation may show gurgling, tinkling, or a splashing sound 
in the chest region to the left or right or both sides. 

Diagnosis. The roentgenologist -will be invaluable mth most careful study 
and examination, without contrast medium, with barium, and by fluoroscop}7 
and may help in deteimining the method and course of treatment. Seidlitz 
powders ^vill distend the stomach with gas and may’' be of material aid. 
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Treatment .—Trentmeut depends n jjrcnt deal on tlic size of the hemin. 
For small and medium cases eonservnfivc treatment is indicatwl. For large 
hernias, if moi‘e tlmn one-third of the Htoniacli has liemiatcd, and especially 
those containing colon, sui-gcrj- is indicated. The danger of intestinal ol^stniction 
is ever present. Fixation of the stomach to the dinpliragm or to the hernial sac 
causes much difhcuUy in treatment. Fortunately, such complications arc rare. 
Early surgical repair is, tliercforc. indicated. 

ilany papers on the surgical treatment of hiatus hernias linvc been puh- 
lislicd. naiTington has been one of the main contrihutoi’s. A brief summarj’ 
of these papers Ls os follows; 

A- I’nlllatlvo surfneal tivn1nH*nf. 

Temporary or pernmnent infcrruptioii of llie left plirenii’ nerve lj» of help in ninny 
of the Bmnlt or rnoiliuni hintuf* hernins. Jt luny prevent spngni in nmnll hemia5. 

Ih HfulicnJ surgietil repair of hinfua hemiof. 

1. Temporary or permnnent iiiforruption of tlio phrenic nerve if iniiimtotl in many canes. 
Temporary' rrn^hlnp of fhe nerve will re»iih In restoration of fanction in from three 
to six niontli*. Jf the nlKloniirml approach Ij* planned it nmy be o wIk? preliminary atop. 

2. Intrntrnrhenl nne^ithcaia with ufie of po.dtive prcuunro is essentiol. 

3. Af>iiro<ich. 

n. Alxlotnlnnl nppronrh. rtarrington prefcrji the abdominal npproneli except in large 
hernias on the right side. He feels that the abdominal approach cither through a 
8al>costnl or left rectus incision is preferable to the thoracic approach os tlio hernial 
contents are usually containetl within a hernial ene in the posterior medinstinum, Tlie 
hernial contents arc not netually within the pleural rnvity. The ceophageal hiatus 
is to the left, lie feels that there inny lie less romplieations than in a thoracic 
npproneli. 

!>. Thoracic approach. IVrsoonUy we agree with Sireet that the thoracic approach in 
the majority of eases makes tlie surgical teelmiqne somewhat easier. Tlie hernial 
sac, the e^ophogenl hintns, the cnnliu of the stomach lie directly before one. Tlie 
Jihrcnic neiwe can be crushed just above the entninco into the diaphragm nt the 
Ixjginning of the operation putting the dlnphrngra nt rest. Tlie freeing of the sac 
from the horninl aperture and the enrdia of the stonuirh is simplified. Tlie reduction 
of tho hernial contents Is easy. In verj* largo hernias in whicli the reduction ia more 
difficult Sweet has suggested making n separate counter incision Jn the diaphragm, 
reducing the hernial contents and temporarily drawing them through this counter 
incision over tfie lower edge of the chest wall wound until the hernial aperture has 
been closcil. The objection of painful po5to{>erativo thoracic wounds has not been 
observed in sufficient numlwrs to lie offered ns a contraindication to the thoracic 
approaclu 

•i- In the alKlominal approach the left lobe of tho liver must bo freed by cutting the 
Buspensorj' ligament and either turning the lol>o to the right, or bringing it forward 
Into the wound, thus giving bettor ncccas to the hiatus. The spleen mnst either be 
separated or, if necessary, removed. 

C. Tlio sac of tlie licrnia must lie completely soimrated from the stomach. Its edges must 
be separated from the hiatus opening. The enc must bo either totally removed or 
allowed to retract into the chest or meiliastinnni or plicateil and dropped into the 
abdominal cavity as suggested by Sweet, 

fi. Cloture of the defect. It is well to pass a largo stomach tube into the stomach at 
the timo of dosing the defect so that It will not bo closed too tightly and cause difficulty 
in swallowing. One should be able to insert the tip of the Index finger between the 
esophagus and the closed defect. Tlie repair should preferably be cither to the left 
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or behind the esophagus. Overlapping repair of the muscle edges should be accomplislied 
with silk or cotton sutures. Interweaving of living fascia lata obtained during operation 
by an assistant is of great value in difficult cases ns addsed by Harrington. The 
esophagus may be incorporated in the suture. Great care must be exercised not 
to perforate the stomach if erosion or ulceration exists. 

7. Exploration of the abdomen for- other conditions is advisable if the abdominal approach 
has been employed. Immediate attention to abnormal findings, however, may not he 
advisable. Operations for secondary' pathological findings sliould only be performed if 
absolutely essential. 

S. Recurrence of esophageal hiatus hernias is not uncommon. Sweet has shown that 
recurrence seems to be much less frequent at the Massachusetts General Hospital follow¬ 
ing thoracic approach and repair than following the abdominal approach. If a recur¬ 
rence should occur following repair by the abdominal approach the secondary operation 
should always be by’ the thoracic approach. If, therefore, recurrences are less frequent 
by the primary thoracic approach this method seems to be the method of choice. 

CASE REPORT 

cvsn 1.—A young girl, E. L., 23 years of age was admitted to the Lenox Hill Hospital 
'i N'l.c-iuber, 1947, with a complaint of nausea, vomiting, epigastric pain of three years 
■luiation. These symptoms began three years previously and occurred in the evening at the 
rij ) of a day’s work. A^omiting gave relief. The attacks became more frequent until they 
•"•'■urred several days in a row. The attacks never occurred if the patient stayed in M or 
was lying fiat. Roentgenograms were taken three years previously’ and n diagnosis of hiatus 
hernia made at that time. The patient had lost fifteen pounds in the year previous o 
admission. 

Gastric analysis showed free hydrochloric acid of 3S and total acidity of 40. The string 
test, after a white diet, showed a positive blood stain. There was a secondary anemia o 
3,.300,000 rod blood cells, 9.0 Gm. hemoglobin or 04 per cent, 0,900 white blood cells wit i 
00 per cent filaments and 9 per cent iionfilnmcnt polymorphonuclear leucocytes, 21 per cent 
lymphocytes, 2 per cent monocytes, and 2 per cent eosinophile.s. The sedimentation rate o 
the blood was normal. The weight of tlie patient was 115 pounds. 

X-ray E::aminaHon .—The liver was normal in sir.e and its position was right-sideil. 
The hepatic flexure of the colon was outlined by' gas and was slightly’ low in position. A-ra> 
examination of the chest showed the heart and aorta to be normal in size and contoor. 
Irregular linear shadows were seen over the lower third of tlie rigiit lu7ig field, indicating 'C 
presence of stomach or intestine in the right thorax. The right leaf of the diaphragm co 
not he made out. The lungs were clear and well aerated throughout (Rig. !)• 

Alimentary Tract .—-Examination of the alimentary tract by’ means of a barium nical 
demonstrated that the entire stomach projected tlirougli a liiatus type of dinplirngmntic 
hernia, the opening of which was probably not more than two inches in diameter. The entire 
stomach occupied the lower tliird of the right thorax posteriorly. The duodenal loop was m 
its normal position. At six hours only the traces of barium remained in the stomach. 'C 
remainder of the meal progressed at an average rate. The course of tlie small and Incgc 
intestine was normal, the cecum being situated to the right, but the distal portion of tke 
transverse colon was contained uithin the diaphragmatic hernia (Figs. 2 through 5). 

Freoperative Preparation .—The patient was prepared with penicillin preopemtiveb > 
30,000 units every three hours. Low residue diet was given. A Levine tube was passed nn 
the stomach lavaged -with soda bicarbonate and Wangensteen suction. 

Operation .—On Nov. 25, 1947, the operation was performed using intratracheal ones 
thesia, gas, oxygen, ether, and cyclopropane. 

In this instance on account of the extensive right-sided thoracic hernial contents it was 
decided to employ an abdominal approacli. (Technical difficulties during the operation later 
proved tliis to be an unu-ise decision.) Therefore a left oblique per rectus incision was ma 




FIff, 1. KJfir. 5. 

Flp. 1 (H I*).—X-pay view of client before b&rluit) inc>«l. Kioplmgcol hlatuti liomiu. 
Flff. 2 (f-i U).—Ilarlum meal showing iitonmch In rtplit thomcic cavity. Erect jKwluro. 



Flff. 3 . PJff. 4 . 

» (E. L..).—ObllQuo view, ^ 

4 (E. Ia).—O blique Bupine view vliowlnff Mtomneb high up In rlglit IhoracW^ 





246 


THE JOURNAL OP THORACIC SURGERY 


from the eusiform cartilage dowaward and outward to the level of the umbilicus. The ab¬ 
dominal cavitv' was entered. The stomach was not seen. The colon was seen passing into 
the right chest through the hiatus opening. The left lobe of the liver was freed by di\iding 
the suspensory ligament and, thereby, exposing the hiatus opening. “With a stick sponge in 
the liiatus opening air was sucked into the hernial .sac making reduction of the hernial 
contents easier. The colon was withdrawn first and was followed by the entire stomach and 
omentum. The stomach had rotated 180 degrees so that the greater curvature was ceplialad 
and the lesser curvature caudad. Step by step the hernial .sac was separated from the cardia 
anteriorly, laterally, and posteriorly, exposing the csopliagus. This procedure was more 
difficult especially on the posterior aspect of the stomach througli the abdominal approach. 



Fig. 5 {E. L.).—Fortj'-elght hour view. Barium In transverse colon within right thoracic 

cavity. Note Levine tube in stomach. 

Transthoracic access would have been much simpler. Hereupon, the parietal portion of the 
hernial sac was separated from the margin of the hiatus opening and the two widely separated 
crura of the diaphragm overlj-ing the aorta. The peritoneum of the hernial sac was tlim 
allowed to recede upward into the right chest cavity. A large stomach tube was introducM 
into tlie stomach, and the hernial aperture then repaired. The hiatus opening was closed 
around the esophagus employing silk mattress sutures—three ventral to the esophagus, an 
two dorsal to the esophagus. Here the tissues were poor in quality. After tjdng of 'O 
sutures, it was felt that the esophageal opening was too tight. Tlierefore, one ventral su' 
suture was removed and replaced with a cotton suture. Cotton sutures were then employ® 
to reinforce the silk mattress sutures. The left lobe of the liver and the spleen fell iot® 
place and came up to the repaired liiatus opening. The stomach and colon were tlien pla® 
in the proper position. The stomach was found to be unusually large and filled a large 
portion of the left part of the abdominal cavity. Tlie abdominal wall was closed in layers 
employing interrupted silk sutures. 
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The patient roccivf^l 500 c.c, of lilood and l^COO e.c. of inline with glurojK* daring the 
opemtton. 8ho left the opemtinp room in pootl condition. 

PoMtoptrotirc Course .—Tlie patient nmdo no nnercntful aurglcnl convolciicence. ITow- 
ever, a gaetrointcBtinal x*my examination on the thirtieth postopemtiro day eliowefl a very 
Urge atonic stomach within tlic nlxlomon. Thero was marked 24- nnd <18-hour gastric 
retention (Figa. 0 ond 7). The Imrium immediately passed througii the pylorus at tho time 
of examination and filled tho duodenum. There was pmctlenlly no evidence of peristnltic 



Ptff. 8. Irip. 7. 

Fis. 6 (B. —X»ni>' view of chest postopomtive BhowJnr flufcl Ie^'eJ fn oraptj' hemtal 

Me within riftit thomde csvltj*. Note barium passlnff nomtally Into stomach within ab- 
oonilnal cavity. 

Flc. 7 (El L.),—Showing larg^ atonic stomach fllling loft aide of abdominal cavity. 

activity in the stomach. At 0 hours practically 75 per cent of the barium was retained in 
the stomach. The remainder of the meal was progressing normally. At 24 hours and 48 
hours there was at least 50 per cent retention in (he stomnclu A gastric analysis showed a 
total absonco of free hydrochloric add with a total acidity of only thirty. Fractional gastric 
analysis with histamine performed on December 10 showed a total absence of free hydrochloric 
acid over tlie DO-mlnute period. The total add went up to 40 at tho end of one hour and 
dropped to 20 at 00 minutes, A Hollander InBuIIn test showed nn absence of free hydrochloric 
acid with a total aridity of 10 with the blood sugar dropping to 22 mg. per cent at 30 
minutes and rising again to 83 mg. per cent at 2 houra. The possibility of injury to both 
^gus nerves at the time of separation of the peritoneum from the cartUa of the stmnadi 
'Ms considered. 

The patient was dlsdiargcd from tho hospital on December 20. Early in January sho 
'Ms put on Hrechollna as a trial to see whether the atony of the stomach would Improve. 
At the end of January x-ray studies were repeated (Fig, 8), and there was still evidence of 
ff^rlc atony bnt to a lessor degree. There was still 24-, 48-, and 72-hoar retention, Tho 
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Fig. 8 (E. L.).—X-ray view of chest two months after operation showing complete absorption 
of fluid from hernial sac in rlglit thoracic cavity. 



F1&. 9. Fig. 10. 

Fig. 9 (E. L.).—Showing large atonic stomach 4 months after operation. 

Fig. 10 (E. L.).—Showing 48 hour residue In stomach 4 months after operation. 
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dtomach wna woll within tho aWominnI cavity, bat a very small pouch of the stomach pro¬ 
truded upward througli the esophageal hiatus. Tlie peritoneal sac in tlio right clieat did not 
show tho fluid level and olr within tlio sac wlilch lind been seen postopemtively. The patient 
was doing well, but gastric lavago was necessary to keep her eomfortnblc in an attempt to 
improve the condition of the gastric musculature. 

Tlio patient wns readmitted to the hospital for study in April nnd June, 1948 (Figs. 9 and 
10). Each time there was evidence of Increnalng free hydrochloric acid on gastric analysis 
with hlstomine, nnd tho total acidity had also Increosefl. Tho IToUander insulin test sliowetl 
tho tisnal drop in blood sugar hut not a concomitant rise in free hydrochloric acid. X-ray 
examination showed the si*o of the stomach to bo smaller, but there was still marked atony 
witli very little evidence of peristalsis. It is Interesting to note in this case that the patient 
to a degree Iiad ndjusted herself to tho presence of tho stonmcli within tho right chest cavity. 
After replacement of tho stomach into its normal position within the abdominal cavity, it 
was found (hat the stomach did not function ns normally ns one had hoped it would. In July, 
1948, tho patient was feeling verj* well, gaining weight, and worke<l n full day. Only oc- 
cnsionolly did slio lavage her stomach. 

In retrospect a thoracic, approach would have been preferable in the repair of this 
hernia. Access to tho enlarged csoplmgcnl hiatus would haro been easier. Soporation of the 
peritoneal liomlal sac from tho cardla of tho stomach espccinlly posteriorly nnd from the 
margins of the liemial aperture would have boon much easier. Crushing of the phrenic nerve 
intmthomclenlly would have l>con ndrantageous. The apparent injury to vagus nerve fibers 
with marked postoperative gastric atony might have l)een avoided. Tlie convnlesccmeo would 
have boon markedly 8implific<l thereby. 

CONGENITAL HERNIA 

Jlixtoricah —Ladd niid Gross, Harrinirton, Trucadnle, Donovan, Dorsey, and 
Marks ]mvo vTitten extensively about congenital hernias, Orr and Neff, in 
1D36, found only 17 patients oi)orntcd in the first year of life. Of these only 
9 survived. Tlioro is little to reoonimcnd delay. 

Types. —3. The commonest hernia occurs through the plcuioperitoneal 
hiatus or tlio foinmen of Boclidalek. 2. They may also occur through the eso¬ 
phageal hiatus. That the latter is the commonest type in adult life is due to 
tho fact that hahies irith congenital hcMiias through tlio foramen of Bochdalek 
have liad such a high mortality. 3. The third t.i’pe are the congenital hernias 
through the foramen of Morgagni or the suhstcnial hernias. Tliese hernias are 
more common on the riglit side. 

Tile hernias througli file foramen of Bochdalek have no hernial sac while 
those tlirough the foramen of Jicigagni liave a hernial sac. 

Symptoms .—The symptoms arc severe. Death is frequently caused by 
asphyxia or intestinal olistruction. Respirator^', circuiatoiy, or gastrointestinal, 
or a combination of these tlireo main symptoms may lie present. If there is 
dj-spnea, cyanosis, or vomiting during crj'ing or nursing follovring delivery, 
immediately suspect a congenital diaphragmatic hernia. 

Physical Signs .— 

1. Rapid respiration and pulse rate. 

2. Heart displaced from the affected side. 

3. Tympany or duUuess on percussion of tho affected side. 

4. Absent or distant brcatli sounds on auscultation, also tho presence of 
intestinal gurgles. 
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5. Scaphoid abdomen as most of the abdominal contents are in the chest, 
especially the small and large intestines, usually with nonrotation of the 
colon. The spleen, omentum, and possibly portions of the liver may be 
in the chest. 

Diagnosis. —The suspicion of the presence of diaphragmatic hernia is the 
main diagnostic feature. X-ray evidence is of value, preferably Avithout con¬ 
trast medium. 

Treatment. —It is the consensus of those authoi-s ivho have had greatest 
experience such as Ladd and Gross, Donovan, and Harrington that the earlier 
the repair is performed the better the chance of survival of the infant The 
abdomen does not develop properly without its proper contents, if the hernial 
contents are permitted to remain in the chest. While some few infants may 
accommodate themselves to the presence of the abdominal contents in the chest, 
their later return to the nondeveloped abdomen becomes almost an impossibility. 
Therefore, the safest and wisest procedure is surgeiy as quickly as the diagnosis 
is made. Newborn infants stand major surgical procedures better than they do 
a week or more after birth. The youngest infant operated by Ladd and Gross 
was only forty houi-s old. The fiist forty-eight hours are the best, the intestines 
are not as distended and can be returned more easily into the abdominal cavity. 

Preoperatiue Preparation .— 

1. Hydration. 

2. Enemas to deflate the bowel. 

3. Gastric suction. 

4. Oxygen tent with 95 per cent oxygen. 

Anesthesia. —Cyclopropane Ydth positive pressure by intratracheal tube. 

Operation .— 

1. Preliminary phrenic crush in the neck. 

2. Almost invariably the abdominal approach for the repair of the hernia. 

3. Incision—^vertical or subcostal. 

4. Allow air to enter the chest tlu'ough a catheter and then contents can 
be more easily vdthdrawn. 

5. Denude the edge of the hernia ring of the serous membrane. 

6. Suture the opening in the diaphragm wth two rows of silk or cotton 
mattress sutures. 

7. Insert a catheter into the chest before closing the last suture so that the 
air can be sucked out of the chest in order to expand the collapsed lung 
before tying the last suture. 

8. The physiology of respiration is affected by the repair of the diaphrag¬ 
matic hernia. The sound lung is compressed by increased intra-ab¬ 
dominal pressure on returning the intestinal contents to the abdomen 
before the bad lung has had a chance to expand fully. 

Therefore, if any difficulty is encountered on returning the intestinal 
contents into the abdominal cavity, Dadd and Gross have proposed a two-stag® 
operation. Thej^ believe that their mortality has been greatly reduced by this 
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])roccdiirc. Tliey cut the roctiis muacle traiisvcrsriy after under-cutting the 
skin in order to 1)C nhlc to slide the abdominal wall across the intestinal contents 
by only suturing the suheutancoas fascia u-ith inten-upted mattress sutures and 
then closing the skin. After the alidominal 'wall has stretched suffieiently, the 
inci.sional hernia is repaired. This is done nliout five or six days after the first 
operation. Dorsey stretched the abdominal wall manually and used drop ether 
anesthesia for deeper relaxation. Ladd and Dross feel that the two-.stage opera¬ 
tion is prcferahle to a difficult one-stage closure for the following reasons: 

1. It is less shocking. 

2. It avoids .strain on the suture line of the diaphragm. 

3. It avoids pastoperativo cmlmrra.ssmeut of rcspiiutorj' and circulatory 
systems. 

riarrington adn.scs aii .x-ray c.xamination in the operating room at the 
termination of the operation to make sure that the mediastinum is in the center 
after the air has liccn unthdrawn through the catheter duiing the operation. 
If the mediastinum is not in the center, more air mast lie withdrawn from the 
chest before returning the infant to the ward. 

Vo.ilopcrativc Care .— 

1. O.xj’gen tent rclicvc.s respiration and alKlominal distention. 

2. Fluid rdiuirements parentcrally with small tran.sfusions in order not to 
ombarra.ss the right heart. 

3. Fluids by mouth. 

4. Watch for pleural effusion. 

CONOF-VITAI. AnSENCK OP THE PIAPHRAOM 

This is a rare condition. .Sagal, in 1933, collected only twelve cases. Dr. 
William J. Jlayo operated on Beckman’s case and proved its piesonce by opera- 
tioa The positive diagnosis can lie made only by operation and determination 
of the condition h.v a competent sui-geon. 

The defect extends from the eighth rib in the posterolateral portion of the 
diaphragm and extends medially to the esophageal hiatus. There is usimlly no 
sac. The opening is so large that the stomach, spleen, laigc and small intestines 
have passed through the aperture into the chest. 

Treatment of these conditions is more difficult than hernias through the 
foramen of Boehdalek. It requii’cs great surgical technical skill to bring the 
ibaphragm to the chest wall or the chc.st wall to the diaphragm. The use of 
the perirenal fascia or the latissiraus dorsi muscles (Rives and Baker) in the 
repair of the posterior defects is of value. Thoracoplasty with resection of one 
or more of the lower rilis is occasionally nl.so required. Permanent interruption 
of the phrenic ncire is neccssarj'. 

CONOE.XITAL SUaCOSTAI.-STEUNAU HERKIA THHOUGH FORAMEN OP MOBOAONI 

This is a direct hernia through a congenital defect by failure of fusion of 
the sternal and costal portion of the anterior diaphragm. 

There is alivays a sac as in an esophageal hiatus hernia. It is the rarest 
type of hernia while the esophageal hiatus hernia is tlio most frequent. 
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The contents are usually colon, omentum, or intestine, rarely tlie stomach. 
These pass through a congenital weakened defect later in life due to increased 
intra-abdominal pressure. 

The symptoms are pain, cough, dyspnea, and occasionally intestinal obstruc¬ 
tion. The physical findings and x-ray films may make one suspicious of a 
primary pulmonary" lesion, especially if only omentum is in the hernial sac. 
The lesion being anterior, lateral x-ray films rrull help one to determine the 
possibility of this type of hernia if the pathology is close to the diaphragm and 
anterior. 

Treatment of this type of lesion is by surgery. Abdominal approach is by 
far the best. An oblique rectus incision is advantageous. The rormd ligament 
of the liver can be incorporated in the repair if the hernia is on the right side. 
If the opening is large, the phrenic neiwe should be interrupted. The trans- 
versus abdominis muscle, which is normally continuous with the diaphragm 
muscle, may be employed in the rei>alr of the defect. 

CONGENITAL SHORT ESOPHAGUS WITH PARTIAL THORACIC ST05IACH 

The repair of this condition has been reported by Harrington. Permanent 
interruption of tlie phrenic nerve is necessary' in order to lie able to clase thc 
diaphragm above the cardia and around the esophagus. By freeing the esopha¬ 
gus thoroughly, the esophagus can be brought dovm some centimeters. 


E\'ENTRATION OF THE DIAPHRAGM 

This is a rare condition more common in men than in women. It is more 
common on the loft side than on the right side, but may be bilateral especially 
in cases of megacolon. The condition ma,y be acquired or congenital and is 
caused by aplasia or atrophy' of the muscle fibei-s of the diaphragm. 

In 1921, Korns published a comprehensive analysis of proved cases. 

The diagnosis is made by' the roentgenologist. The differential diagnosis 
is between a hernia with a sac or eventration of the diaphragm. An arched 
line above the organs may' be either. 

The diaphragm may' be demonstrated by' a pneumoperitoneum. The loops 
of bowel are drawn together more in a hernia than in an eventration. Symptoms 
are much less severe in eventration than in a hernia. There is frequently a 
feeling of pressure in the left chest caused by gas in the stomach above tltc 
level of the cardiac orifice. The heart is usually' found on the right-hand side. 
Symptoms like this frequently occur after phrenic crushing in tuberculosis. 


TRAUMATIC DUPHRAGMATIC HERNIA 

These are always false hernias "without sacs as the diaphragm is tom by 
penetrating injuries, crushing injuries, or falling injuiues. In World War H 
there were many injuries of the diaphragm caused by shell fragments, buUets, 
or other missiles. They may' occur anywhere in the diaphragm, but the very 
great majority' are on the left side. The diaphragm is frequently' torn from 
the dome aU the way' to the periphery'. It is comparable to an ertsceration of 
the abdominal contents into the pleural cavity. The stomach and large and 
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small intcsiines may have lieniintcd through the opening, and signs of intestinal 
obstruction may l)c among the first symidoms. Tlio sj-mptoma arc severe and 
progress rapidly. Thoie is interference with the function of the lungs and 
heart. Adhesions develop along the margins of the heniial orifice. 

Treatment is always by snrgco". The best approach in this case is trans¬ 
thoracic as it gives better access and makes separation of adliesions casj'. The 
diaphragm can be paralyzed by intnithomcic crush of the phrenic nerve. The 
margins of the heniial aperture must he dehrided and then repaired by careful 
overlapping suture. Cotton or silk may lie used, but living fascia lata is of 
value if the operation is one of election in a hernia present some months after 
injurj’ or following inflammatorj- or pressure necrosis. The diaphragm may 
lie sutured to the inteivostal muscle, preferably to two intercostal spaces, if 
the tear goes all the way to the periphery. Lower thoraeopla.sty of tlie eighth, 
ninth, and tenth ribs should be kept in mind if this is indicated in the piopor 
closure and repair of the diaphragm. 

Negative pressure must be re-established by ■ndthdrawing air tlirougb a 
catheter, and air-tight underwater drainage is wi.se especially if contamination 
of the pleura has taken place. Antibiotics and chemotherap.v also arc of great 
value. .(Vspimtion of air from a pneumothorax Ls important until negative 
pressure e.xLsts. 

The replacement of the abdominal organs from the pleural ca\-ity must be 
orderly. If obstniction exists, an appendieostomy or colostomy may wisely he 
added. AVangensteen suction of the .stomach is roquired. 

Intratracheal anesthesia with positive pressure is c-sscntial. 

Postoperative oxygen is ncccs.sniy. 

CASK RKPOnrS 

Cose reports of three traumatic diaphragmatic hernias are appended; 

CUBE 3,—A w}rg«int wan ndmitto<l to tin omenntion hoapitaJ trro anti one-qaartcr hours 
after having lieen hit bj' n phcll fragment. The wound of entmneo waa in the left poetorior 
arfllarv line over the tenth rib. It meaBored nbout 4 chib, in length. Omentum presented 
itself in the wound of entrance, having prolapsetl throogli the diaphragm and pleural cavity 
into tlio wound of entrance. X*rfly cxomlnntlon Bhowe<l a shell fragment In tho region of 
tlie left lobe of the liver. 

After proper preoporativo themjiy, tho soldier was operated upon under intratracheal 
anesthesia, Tlie superficial wound was debrlded and the ninth rib resected. Tlie pleural 
cavity Avas filled with blood, and the lower IoIk) of tho left lung was lacerated. It was 
repaired by suture after debridement. 

The diaphragm was badly tom, and o tom, bleeding spleen had liemiated tlirough the 
hole in tho diaphragm. Tlie eighth rib was then resected for better access. Tlie diaphragm 
^nis debrlded and then incised medially and Intemlly for better access to the abdominal 
cavity. Tho spleen was removed. A 4*cm. rent in tho posterior Avail of the stomach avrs 
closed near tho greater curvature. Tho wound of exit on the anterior wall of tho stomach 
near the lesser curvature aatls then closed. The riiell fragment could l>e paljmted just under 
the surface of the dome of the left lobe of the liver near the midllne. The foreign body 
''Tts removed from tho li\’er, and the cavity in tho llv^r was drained bringing the drain out 
through a stab incision made in the anterior abdominal atqIL No further damage could be 
found within tho abdomem 
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'I'llK, .lOlIUNAl, 01’ TIlOltAC.lO S^UUdKlU’ 


'I'Ik' (llu|ilirnn:m \vi\h lltctt r('|)ulvi'(l with lulorniiiti’d iivt'rluiiiiliin miliiroH of llio h'ovoH 
will) hUU huIium'h. 'I'lio li'fl )i)u'('i\l(‘, oi'i'vo linil boon (M'uhIk'iI. 'I'lio (tlouriil oiivify wiiH irrinuU'il 
wllb wiliiio, inol 10,000 nnllH of pi'iiioilUn wooo biHtlllcnl. Ah’-I.l(;lil unilorwulor ilrnlimno was 
hiHtltiilod. 'I’lio olioHt will! won cloaod anil nlo wllliilrnwn; ;i,00(l o.c. of blood in Alaovnr'H 
aobilloii woio (^ivoii dui'ln)f Ilio o|ii'ia(lon. A l.ovlno lub(< liml boon Inhoihiood lido llui 
nloinnob on ndniloHlon and wan lof( in plaoo with Wannonaloon Huotlon, 



lilt.nil.Vm'iV i*I''i ’"'1 “4dln))liramnall(! Iionilli, i-t.iv.i .i.-. 
allinlltod to 1iom!.I(,i1 In I'liool?. ' '"""'ooUmnn aliiriod 


Nolo ironiondoiiHly 

111 aliiriod to rliild. f'dl"" 


'I'lio ])iillotil did woll and llio idoiival drain waa voniovod la 'l.S lioiii'H luid llio ahin 'voioa 
oloHod wllli HuliU'OH. I’l'iilolllbi and otilfadln/ino woro oonllnuod aflor llio oporiilloa. 

Mill iitilorloi' alidoiiiiniil drain waa olianj'od on llio (onlli day poaloiu'i'iitlvolyi 
waa aaplralod oaoo li'oiii llio loff plonral onvlly, 'I’lio palloal. waa iiviuiaalod on llio Iwoid,' 
aoonad )ioaloporallvo day. Ho Ibiiilly ronoliod Hn^laad wlioro lio waa aooa by <’ol. llarkoa. 
All wiiaada woio lioalod hIn woolia poaloporallvoly. 

'I’liroo nioatlia aflor bin Injury lio waa roinrnod lo uoaoral duly. AVIillo Hio iialloal wi'f’ 
waltln)' la llio roplao.oaioal dopol tlio olioat wound roopoaodi Ho waa llioa oporalod on 
oaipyoma and rolaraod lo llio Hallod Hlaloa. At (;nai)i HliaaUa an abaooaa of Uai iibiloaiiiaa 
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drolnnRC wound oponoiL in tlic Brooko Gcnornl Hoapitnl, both wounds licnled. 

the patient wns homo on furlougli In Roclicster, Minn., the chcut wound reopened. 
Ijitcr, nt ojtemtion nt Brooko Ocnornl UoRpital, two silk suturoj* ui»o<l nt the originnl opemtion 
for repnir of the dinplimpra were found in the abscess envity. Hereupon, the wound healed 
and has romoinwl honied. Tlvc tmunmfio diaplimpTuatlo heroin has also re^nalned healed. 



Fig. 12 (J. C.)_Lateral view of cheat ahowlng sirallnr nndlng*. 


Case 2.—A soldier, primte, 10 years of affe, was admitted with a diagnosis of perfo¬ 
rating gnn-sliot wound of the loft chest wall and diaphrngmntic liernlo. The wound of 
entrance on tlte anterior left lower chest and the wound of exit in the posterior nxill ory lino 
lower down liad been debrided nt n more forward installation nnd had l>cen corered witli 
petroleom jelly gauze. Tlie soldier ^vas admitted in shock, which hnd developed in transport, 
Pulse was 160, lieart sliifted to the right, there were absent breatli sounds in tho left chest, 
^•ray examination sliowed a hogo fluid level in tho loft chest (Figs. 11 and 12). The patient 
lifid been evacuated by ambulance without a Levine tube in place and %vitli n diagnosis of 
herniation of stomach tlirongli tlie left diaphragm. On introducing a Levine tube vritb 
suction 1,200 C.C, of dark fluid nnd much gas wiis obtained. Tlie lieart shifted back to the 
midline, rospiratlona and pulse rate decreased. X-ray examination sliowed a marked decrease 
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in the size of the stomach and the heart again in normal position (Fig. 13). Gliemothoranv 
was started and the patient prepared for operation. He was operated upon under intra 
tTMheal anesthesia. The fractured eighth rib was widely resected. The omentum was foond 
adherent in the wound of entrance in the chest wall. The pleural cavity was then entered 



shifted'Ikck Stomach emptied. Heart and mediastinum have 

for operation. I'aiient immediately recovered from shock condition and prepared 


pleural cavitv Poi'lion of the transverse colon and omentum were in the left 

oreans were ndher^t degrees through the longitudinal axis of the stomach. The 

diaphraem was in i v edges of the diaphragm. They were separated. The 

into the peritonear^r •+ 6 c™- to permit proper reduction of the hernial contents 

the diaphragm was dlbrid'S' crushed. The wound of 

sutures of silk refti-fn 0 . 11 , 45 ^ hernial aperture was repaired by interrupted mattress 

water drainage and the'^air L^eVort'of tf T' '"“Td 

to n hnldi,i.r I suckecl out of tlic pIcuKil cavity. The patient had to be evacuated 

tI 2 ienT^^ tlm interior. 

Dr FnrreR this nnU m Philadelphia and through the courtesy of Dr. Gilson Engel and 
V ■ , J o ^ ®^ammed by fluoroscopy in December, 1947. Bverj'Uiing 

has been found normal with the diaphragm well healed. 
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Case 3.—sorRcnnt wob odniittod In shock followinp a jcop nccidcnt. The right chest 
wtU5 cruslicd ond there wns a fmeturo of the right femur. lie ^ras treated for shock with 
blood and plasma. On admission his bloo<l prosanro was 00/40 with pulse 130. Penicillin 
and snlfonnmidc tlicmpy were starterl. 'Wlien the patient’s condition was witisfnctorj’, he 
was operato<l npon under intratracheal nnestl>csln. A fmns\*erse Incision was made from 
tho costostcmnl junction on the right side to the jHwterlor axillary line over the sixth, seventh, 
and eighth rllwi, Tlieso Tibs were snorely eommlnnted and the imriotnl pleura badly tom. 
Tho pleural cavity was flllctl with about 000 c.c. of bright red blood mixed with fragments 
of liver tissue. Tho lung was rontusetl but intact. There were two laeomtions of the 
diaphragm, probably cnuseil by the rough romminoted rib ends. These two laeomtions wore 
joined exposing n Inrgo wound of the dome of the right lolve of the liver which wns l)lec<lin" 
and many looso fragments of U\*cr tissue woie in this hole and in the pleural cavity. A 
subcostal incision was then mnde througii tlie alMlonioD, nn<l two gnuso packs and a Penrose 
drain were placed into the large hole In the liver mensurlng about 10 cm. in diameter. Tliese 
were brought out through the nlHlonilnnl incision. Tlie diaphragm \vns then sutured with 
Intcmiptod silk mattress sutures reinforced with chromic sutures. The jdeuml cavity was 
then itTlgnte<l witli saline and tho chest wnll cl(isc<l in layers. The pleura could not be 
suturo^l as it was too Imdly tom. Tlio lung mis Inflnted, nir fmcke<l out of the pleural cavity, 
and alr-tlglit underwater drainage institutc<l In the eighth intersjmre posteriorly. 

Tho fractured femur was in a Thomas splint and lempomrily left in It. Tlie pleural 
drain ivns romovctl on the tliird postoiicmtlvc day and a east nppUcsl to tho fractured femur. 
On the scventli day the liver tampons were removctl and the Penrose drain, left in situ, The 
clieat wound vras liealcd by primarj' union. The patient ivns cvueuateil to the rone of the 
interior. 

Since thot time, wo liave lieeu able to eoramunleato ivitli this patient in February, 
lft48, and found out that tho Ponrosc drain woe removed at a rear installation immediately 
upon arrival. lie then devcloi>ed a subpUrenio abscess which perforated through the tom 
diaphragm into tho pleural cavity giving him an empyema. This was drained and healed 
without fortlior complication, and lie Is at present i»rfectly well 

COMMENT 

1. Au understanding of tlio normal anatomy and tho embiyologic develop¬ 
ment of the diaphragm is ncccssnrj' to properly evaluate tlio surgical problems 
presented. 

2. narrington and JIarks liavc both given us excellent workable classifi¬ 
cations of diaphragmatic iiemias. 

3. Certain tjiKis of hernias are amenable to surgical repair wliilo otliers 
aanaot bo repaired. 

4. Tlio true short esophagus u-ith tlioracic stoiiiaoh cannot be treated 
surgically. It is a rare anomaly. All or uearly all of tho stomach is iu tho 
aiediastmum. 

5. Diaphmgniatie hernia with shortened esophngns may bo treated surgically 
by permanent plircnie section, freeing of the esophagus for lengthening, and 
closing tho diaphragm above the enrdia. Constriction at tho junction of the 
esophagus with the stomach may cause dysphagia in these cases. 

C. Hiatus hemia-s are the most common tjiio. Tho esophagus is not short. 
It can be repaired surgically if the symptoms warrant it. Tlio thoracic approach 
is probably the best and most practical, although this may he a matter of choice 
noth the individual surgeon. 
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7. Congenital hernias occur most commonly through the foramen of Boch- 
dalek, tlirough the absence of a portion of the diaphragm; least frequently 
through the foramen of j\Iorgagni, which hernias usually develop later in hfe. 
The earlier in life congenital hernias are operated upon the better. There is 
no benefit in delay. Two-stage closure of the abdomen in some instances Avill 
lower the mortality. The abdominal approach is by far the best. Circulatory, 
respiratory, and gastrointestinal symptoms are severe and may cause death 
])y suffocation and cardiovascular collapse. In hernias through the foramen 
of Morgagni the abdominal approach should also be employed. 

8. Eventration of the diaphragm is an infrequent condition. Symptoms 
are less marked than in hernias. The main differential diagnosis is between it 
and a true congenital hernia. Surgery is not indicated. 

9. Congenital absence of the diaphragm is rare. It must be proved by 
surgical exploration but must previously be considered in the differential 
diagnosis. 

10. Traumatic hernias are accompanied by severe sjTuptoms, often with 
signs of intestinal olistruetion. They interfere with the circulatory and respira¬ 
tory symptoms. Surgery is indicated. The transthoracic approach is best. 

CONCLUSIONS 

1. Diaphragmatic hernia is diagnosed much more frequently now than 
formerly. 

2. It must always be considered in the differential diagnosis of upper 
abdominal pathologJ^ 

3. Surgery will repair many of these hernias successfully. 

4. Intratracheal anesthesia ^Yith iiositive pressure should be available. 

5. Pi-oper preoperative preparation, meticulous operative technique, and 
careful postoperative care will lower the former liigh mortalitj". 

6. All types of diaphragmatic hernias are discussed and their treatment 
of choice enumerated. 

7. Several case reports are included. 
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LIPOID PNEUMONIA RESULTING FROM A DERMOID CYST 

Case Report 

A. Lincoln Brown, M.D. 

San Francisco, Calif. 

T he case pre.sented lierewith is deemed worthy of reporting because of the 
unusual source of the lipoid material Avhich produced the lipoid pneumonia. 
Lipoid pneumonia is customarily considered to have its origin from the 
inadvertent entrance of lipoid material into the traclieobronchial tree. 

Animal and mineral oils ai'e known to cause tissue reactions, whereas neutral 
vegetable oils have lieen shown to be practically innocuous.’- ^ 

The diagnosis of lipoid pneumonia in the case herewith presented was first 
established by a biopsy taken November, 1945, two yeai-s before the patient’s 
present entm-, when a mediastinal lymph node showed sean-ing and high fat con¬ 
tent. It was again confirmed by us bronchoscopically, at the present entry. 
Operation revealed the unexpected finding of a large dermoid cyst, the cavity of 
which contained viscid animal oil. This ea\'ity communicated directly into the 
primaiy bronchus of the left upper lobe. The lipoid substance was thus dis¬ 
seminated directly into the left upper lobe and by spill-over to a lesser extent, 
into the lower lobe. This source accounted for the unilateral and diffuse charac¬ 
ter of the lesion which involved aU of the left lung but vdth maximum disease in 
the upper lobe into which the dermoid dii-ectly drained. The history of the 
use of oily nose drops for many yeai-s by this patient suggested preoperatively 
this to be the source of her lipoid pneumonia. However, histochemical studies* 
of the oil in the lung after its extirpation have .shown the offending oil to be the 
unsaturated tyiie, thus excluding mineral oils. Therefore, we must conclude 
that the oil which caused the lipoid pneumonia was derived from the patient 
herself (i.e.. the dermoid) and that the oily nose drops were merely incidental 
and had no bearing on the production of the lipoid pathology. 

CASE REPORT 

History (Essential ).—The patient (D. P.) a 20-year-old ■\vldte woman, well developed 
and fairlj- well nourished was first seen at the Mount Zion Hospital on July 28, 1944. Com¬ 
plaints then consisted of repeated attacks of cough, fever, and expectoration for as loug 
as she could remember. She had used oily nose drops frequently and regularly since child 
hood. At this time there were also painful swellings of the joints, especially of the fingers 
and left wrist. These were suggestive of rheumatoid arthritis. Routine blood and urine 
studies were negative except for an elevated sedimentation rate. X-ray examination of the 
chest showed a 10 bj- 5 cm. hilar mass extending towards the left, suggestive of tuhercu 
losis or lymphoma. A therapeutic trail of x-ray radiation was given with no resolution o 
the hilar mass. 

During the subsequent fourteen months she was readmitted to the hospital three 
with the same complaints. Bronchoscopy then revealed what was considered to be a mi 

From the Thoracic Surgerj' Division of the Department of Surgerj- of the Mount Zion 
Hospital. , 

Bead (by title) at the Twenty-eighth Annual Meeting of The American Association 
Thoracic Surgerj-, Quebec. Canada, May Kl, June 1, 2, 1948. . 

•The histochemical analj-ses were made In the Department of Pathologj- of Mount 
Hospital, by Dr. Gerson R. Blsklnd, Chief of the Department. 
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tmeheobronchltin. BroiichoRramB Miowed the anterior nnd middle bronchi of the left upjier 
lobe to be spread npart, apparently by extrlnaic prcsTOrc re.^ultinp from a mans in the 
anterior medlaBtlnum. 

The medinntinni maHs continued to enlarge and operative int 0 r\’ention Tvaa undor- 
tafeen* in October, 194!). A deneo maaa of mediastinal nodes was encountered which, in 
spite of their previous failure to respond to mdiatiou thenipy, was considered to be lympho* 
matous in nature, fipeciniens wore removed for histoloj^ic stndy nnd the wound wns closed. 
iflcroBCopic examination of those removed specimens was reported as showing hj'perplnsia 
of the regional l.\'mph nodes with marked deposition of lljmid material in the sinusoids. The 
diagnosis was then considered to l^a I>|K>id pneumonia with regional lymph node involve¬ 
ment, the causative foctor being attributed to the persistent use of oily nose drops. 



^—X*m>' examination anteroposterior and laleml views. Shift of trachea and 
mjMiastlnum to the left; entire left chest full of areas of vorj’Ine deffrecs of increased denslt>' 
with peculiar rounded shadows of increased density currenfly surrounded by air Id the mld- 
Pcrlpheral portion; thickened pleura; roffonemted nfth rib. 

Cessation in the use of the oily nose dropa did not improve mattera. Cough nnd bonts 
of fever increased in frequency, the sputum became verj' copious and finally foul; there 
ensued mild and severe hemopt>'sea. The medlaatinal moss grew and both lobes of the left 
long became involved in a chronic pneumonic process, most marked in the left upper lobe. 
Laboratory' studies except for the continued elevated sedimentation rate remained essen¬ 
tially normal. These included negative tulmrculin op to 3:300 nnd sputum studies for 
tumor cells. 

The patient was first seen by me lato in 3047, when, in view of the preceding course 
and ftndinps, it wns decided that nothing short of extirpation of the Involved tissues might 
be of benefit The lesion was considered to be a dififusc lipoid pneumonia, with marked 
bronchiectatic changes and extensive mediastinal lymph nwle Involvement. 

OPERATION 

30, 3047, preoperative diagnosis; paraffinoma left lung. Operation: left pneu¬ 
monectomy. Anesthesia: intmtmeheal. 

Proc^ure .—The chest cavity was opened through the fifth intercostal space. There 

°o free pleural space. The lung wns adherent to the chest wall on all sides and 

*By i>r. Clayton L.y’ona. 
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moderatelj^ so to the pericardium. With blunt and sharp dissection the lung was freed from 
the chest wall. The large adhesions were clamped and tied. The upper and lower lohes 
of the lung had the consistency of liver tissue. They did not collapse nor did they fully ex¬ 
pand. The upper lobe was a little more involved than the lower lobe but both were defi¬ 
nitely librotic. The left leaf of the diaphragm did not move too well on respiration. The 
lateral half did not seem to move at all. 

Lying in the anterior mediastinum just under the sternum and in close relation to 
the root of the lung was a mass about the size of a turkey egg which at first was thought 
to be a lymph gland but when it was accidentally opened, it w’as found to he a dermoid 
cyst containing hair and an oil}' cheeselike material. After fine dissection the pulmonary 
artery was isolated and divided between ligatures. The inferior pulmonarj' vein was iso¬ 
lated; it coursed for a distance of 2 cm. and then divided into two main branches. The 
vein was then cut between ligatures. A similar procedure was carried out on the superior 
left pulmonary vein. The left main bronchus was then isolated and two ligatures of heavy 
white braided silk ties were placed and the bronchus was cut through. The lung was then 
removed and the bronchial stump was closed with 1-No. 1 silk interrupted sutures. The 
chest cavity was filled with normal saline and no air was seen to bubble through so that 
the bronchial stump was completely closed. All of the saline was aspirated by suction. No 
gross bleeding was evident. The closure of the chest cavity was undertaken. SterUe dry 
dressings were applied and the patient was turned on her back and bronchoscopy was done. 
The main bronchus to the right lung was found to be clear and there was considerable 
mucus in the posterior nasal pharjuix which was aspirated and the patient was returned to 
the ward. During the procedure the patient received about two and one-half units of whole 
blood with the completion of the third taking place on the ward. 

Postoperative diagnosis: (1) dermoid cyst anterior mediastinum; (2) paraffinoma left 

lung. 


PATHOLOGY 

Gross Description .—The specimen consisted of a left lung, a rounded mass of yellow- 
white tissue, and several smaller rounded masses of tissue said to represent hilar lymph nodes. 
The lymph node masses varied in size up to 3 cm. in diameter. They' were firm and on section 
had a cream-yellow parenchyma which was mottled by red-brown zones. Several smaller 
similar lymph nodes were attached to the hilar portion of the lung. The lung possessed two 
lobes. The line of resection was 1 cm. proximal to the first division of the left main bronchos. 
The lung was 16 cm. from apex to base, 11 cm. vride, and 5 cm. in thickness. The pleura was 
red-brown in color and roughened by numerous thin tags of fibrous tissue. Near the center 
of the left upper lobe there was a space which was irregularly rounded and slightly collapsed. 
It had a diameter of 5 cm. This cavity lay 2.5 cm. from the interlobar septum. It was cov 
ered by 0.7 cm. of limg tissue on its medial aspect. The inner surface of this cavity woJ 
shaggy with a gray-bromi color. It contained yellow cheesy material and numerous hlon 
hairs. A communication from this cavity into a large branch of the upper lobe bronchus was 
identified. The rounded yellow-cream-colored mass mentioned previously was said to ha'C 
occupied the cavity within the lung parenchyma and to have been freed from this space dunng 
surgery. This mass measured 7 cm. in greatest length and 5 cm. in greatest width. It was 
irregularly rounded. Its surface had the appearance of skin and bore numerous blond hairs. 
It was firm and on section it was composed of yellow tissue containing numerous streaks o 
white tissue. In one zone the mass contained a cyst 2 cm. in diameter. The cyst was 
with cheesy material and pale hairs. One polo of this mass was covered by a sheet of gray 
brown and fatty tissue varying in thickness from 0.3 to 1 cm. This tissue was said to hare 
been removed from the mediastinum. The mass was attached to this encapsulating tissue. 
The parenchyma of the upper lobe was extremely' solid. It had a mottling of yellow, cream, 
tan, and broivn areas. There was accentuation of the interlobular septa. The pulmonary 
sue was atelectatic in many places. The lower lobe was poorly aerated, though it was no 
dense as the upper lobe. The lobular markings were not as prominent. The parenchyma van 
from tan to brown. 
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llicroKopio DexcriptioJu —The rounded nuiKA which fillixl the ca\'ity la the lung wni com¬ 
posed of dense fihroufl tissue corenvl on one nspect by comllicd strfltifled squntnoas opithellum. 
In the fibrous (issue wore nests of rulipose (iwue, ttnd under the epithelium \vere hfiir folllclci! 
and numerous largo selwiccous glands. Lj-niphoeytes, plnsma cells, macrophages, and a few 
polymorphonuclear cells were senttered throughout the fibrous stroma. Tlie cystic portion of 
the mass was Hoed also by coriiifie<l stmtified squaiuous epithelium. Sebaceous glands were 
also present. In addition, (bore was a large group of glnnils In a lobular arrangement around 
the cyst. These glnnds consisted of dork and Ilght-slnlning columnar cells arranged in acinar 
groups, that communicated \rith tubular structures lined by a single regular layer of tall pale 
cells. This rono represente<l serous and mucous salimry gland elements. 



Fig. l.-—Gross section after imeumonoctonij* allowing: Grumous material of the dermoid 
on the medlojitlnal surface of the lunT and the more solid material and hair which was re¬ 
moved from the cavity In which the dennold was dc'^cloplng. 

TIio lung tissue which lined tlie cavity hod n layer of granulation tissue on tho inner 
rorface. The granulation tissue consisted of young fibrous tissue, numerous small blood ves¬ 
sels, lymphocytes, plasma cells, macrophages, giant colls, and polymorphonuclear cells. Frag¬ 
ments of stmtified squamous epithelium were scattered on the surfaces of the granulation tis¬ 
ane. The lung parenchjmn sliowed profound changes; no normal long tissue remained in this 
lone. There was severe and extensive fibrosis of tlie Interstitial and interlobular tissue; there 
was severe distortion of alveoli with dense inflitmtea of lymphoGjics, plasma cells, macrophages, 
«id giant cells in the interstitial tissue and in the alveolar walls. Polymorphonuclear cells 
^re also present in aomc areas. Tho mnerophnges were full of fatlike material; macrophages 
commonly filled alveolb Borne of tlie giant cells had vacuoles and clefts within their cyto¬ 
plasm. In regions more distant from the aite of the tumor the alveoli contained blood and 
flcmm, and the bronchi contained a poljTnorphonuciear exudate. Tho interstitial tissue in 
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general was increased, particularly in the interlobar and interlobular septa. The changes in 
the lower lobe varied in intensity, generallj' the interstitial scarring was present and the in¬ 
flammatory’ reaction in tlie alveoli was represented by blood serum and macrophages. 



FIb- 3.—Gross cut section of the lung showing the pressure defect in the upper 
simulating a cavity made by the dermoid with a probe passing from the cavity directly miv 
the left upper lobe bronchus. 


A section that represented the bronchus that was traced into the cavity showed a dense 
chronic inflammatory infiltrate in the broncliial mucosa and surrounding interstitial tissue. 
The columnar epithelium of the bronchus changed into stratified squamous epithelium; benea i 
this epithelium were sebaceous glands. 

The hilar and mediastinal lymph nodes were enlarged. Tliey had prominent follicles with 
distinct germinal centers. The sinusoids were lined by many layers of endothelial cells, 
sinusoids contained lymphocytes, neutrophiles, eosinophiles, macrophages, and some giant ce 
Large and small vacuoles were scattered throughout sinusoids of the lymph nodes. 
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Knt stninR wore prejmml of tin* lu«p nnd hTiipIi node. With tlie Bchorlnrh Jt jitain, khI 
•1roj)let« TTore prwnt in the pulnioimn' {tnrrnchyDin in the rcpion of the tonior. The fnt 
•IroplrtH Aroro ven* ^ninll in the nuierophapci*, in the nlxToIl, and In tlio eolamnar epithelial 
ecll» of the bronchi of that repion. The fnt dropletn Arero larper in the interutitinl tlwuo where 
they may l )0 engulfed by giant cellj< or free In tlio fibroua elements Here they had the appear- 
once notetl in the original biopi*y. 

There aatib lew fat in the Internfitinl tiewie of the JoAver IoIk* and pmctienlly none in the 
alveoli of tlrnf IoIk*. The winie blooki* of tlwue Avere nlxo atnintnl Av-itli oKniio neid and the 
preparation'^ are compared with tlio Selmrlneh R etniii. It aaiik nofwl thnt the droptela that 
stninwl retl with Miarlnch R Atere alao atnlned blnck witli ontnic nrid. There WTia no apparent 
dilTerenrc in the quantity of fut denionaimted by the tAVo techniques, bhit droplets were dein- 
oQfltmtfsl in the lymph nmlcs by these two lerliniqucH. 

DIAtlNOSlH* 

1. Dormobl tumor of me<llnstlnum, situnteil in upper lols- of left lung, eomtmmicafing 
Arith major bronchus. 

2. Clironic jBitchy organizing pneumonitis, left lung, AA-itli Interstitial searring dne to 
lipoid from dermoid tumor. 

2^. Reactive h^'perplosla of regionnl l^Tnjdi nodes Avith lipoid in sinusoids. 
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ACUTE PUTRID ABSCESS OP THE LUNG 
VI. The Late Results of Surgical Treatment 

Arthur S. W. Touroff, M.D., Robert A. Nabatoff, M.D., (by invitation), and 

Harold Neuhof, M.D. 

New York, N. Y. 

D uring the decade prior to World War II, members of oiir Thoracic Group 
at The Mount Sinai Hospital published a series of paper's concerning various 
aspects of putrid pulmonaiw abscess.^'’® We, among the participants, described 
the teclmique of one-stage drainage in the acute phase of the disease and re¬ 
ported the results derived therefrom.'* ®’ “* At the time, we summarized 

our experiences by stating that (1) “cure is achieved without hazard in the 
great preponderance of eases,” and (2) “the results are excellent, not only as 
to recovery from operation but also as to complete and early restoration of 
health.” The foregoing statements were based upon follow-up observations 
wliich, at the time, varied from 3i/^ months to 10 jmai-s in duration. 

The passing year's have afforded us an opportunity to observe many of our 
patients for much longer periods; and it is now our purpose to set forth the late 
results of operation in order to demonstrate that they are not quite as satis¬ 
factory as we had assumed originally. This ^vill be done by le'vieiving briefly 
the cases of acute putrid pulmonarj' abscess that we subjected to one-stage 
drainage prior to Jan. 1, 1945. Up to that date, we had a total of 165 such cases 
but we shall confine our analysis only to those that could be followed for at least 
5 years after operation. It is our opinion that if one adheres to certain strict 
criteria of ‘' cure, ’ ’ such a long period of follow-up is not essential in order to 
make certain that the patient muII remain well. However, since tliis communica¬ 
tion deals with ‘ ‘ late results, ’ ’ we have arbitrarily selected 5 years as the mini¬ 
mum period of observation of all cases to be included in our report. 

Among our 165 patients, 154 were operated upon in the “pre-penicillin 
era. ’ ’ There were 4 operative deaths in our series. The latter, constituting an 
operative moi’tality rate of 2.43 per cent, have been reported elsewhere.’" 01^ 
the 161 patients who survived operation, 46 could not be followed for the re¬ 
quired minimum period of 5 years and therefore have been eliminated fi'om 
further consideration. (Of these 46 patients, 4 are knorni to be dead. One died 
following an operation for strangulated hernia and 2 died of malignant disease 
of the pancreas and colon, respectively. The fourth patient died of lobar pneu¬ 
monia more than a year after the operation for pulmonary abscess. All 4 pa¬ 
tients were free of sjonptoms of pulmonai'y abscess at the time of death and, in 
each instance, the latter was due to a cause unrelated to the original pulmonari 
infection. The remaining 42 patients gi'adually disappeared from obseraation. 
When last seen all were free of sjunptoms, some haring been followed for more 

From the Surgical Service of Dr. Arthur S. W. Touroff, The Mount Sinai Hospital- 
Read (by title) at the Twenty-eighth Annual Meeting of The American Association I 
Thoracic Surgery at Quebec, Canada, May 31. June 1, 2, 1948. 
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(lian 4 years after operation.) After eliminating tlie 4 operative deaths and 
the 46 ea.scs that could not ho followed for the mpiircd minimum ponod of 5 
years, 415 cases remained. The.se eases, which weie ol»scrved for S to 25 years, 
form the hn.sLs for certain conchi.sioas that will ho presented at another point. 
We have di\idcd the casc.s into tivo groups, according to certain strict criteria. 

Group A con.sLsts of patients whom we consider “cured.” In order to he 
classified under Group A, the patient mu.st (1) bo entirely sjTnptom-frce, (2) 
have a healed wound, and (3) have a normal chest flhn or bronchogram. There 
were 100 patients (86.9 per cent of the 115 ca.scs) in this group. Pour have 
l)cen followed for 20 to 25 years, 7 for 15 to 20 years, 12 for 10 to 15 years, and 
77 were under obson’ation for 5 to 10 years. 

Group B is comprised of those patients wlio, in the liglit of the criteria of 
‘‘cure” enumerated in the prcccrling paragrai)h, cannot he considered “cured” 
despite the fact that most of them Ijecamo free of .sj'mptoms of pulmonary ab¬ 
scess soon after operation. In this group, there were 15 patients (13.04 per 
cent of the 116 ca.ses). On x-ray examination, all presented either a small 
rc.sidual pulmonarj' cavity or irersistcnt pulmonary infiltration. On bronchog¬ 
raphy, varjnng degrees of bronchial dilatation were noted in all, but it is 
to he emphasited that none of them presented sj-mptoms of residual pulmonary 
suppuration. Afar became entirely symptom-free shortly after operation and 
have remained so. The remaining 6 patients cither have, or have had in the 
past, recurring episodes of hemoptysis. One patient, who has been entirely free 
of symptoms since operation, has had a .small persistent bronehocutaneous fistula. 

The 15 patients in Group B son-c to re-emi)hasire a viewpoint that we ex¬ 
pressed many years ago, namely, that regardless of absenee of evidence of pul¬ 
monary suppuration a imticnt icho has had a pulmonary abscess cannot be con¬ 
sidered well unless the r-ray film discloses complete disappearance of pulmonary 
infiltration.” As mentioned already, 6 of onr 15 patients have suffered re¬ 
current small hemoptj’scs. These cases have been olaeiwed for 7 to 16 years. 
It is important to note that while 3 patients developed hemoptj-sis shortly after 
operation, the remaining 3 did not begin to bleed until some years after opera¬ 
tion. 

Careful anaU'sis of the histories of the 6 patients, who developed hemoptysis, 
disclosed that one bled occasionally during the 7 years that wo were able to 
follow him after operation. The second patient has had identical manifestations 
for 16 y'ears. The third patient had occasional hemoptysis for the first 8 years 
and has remained well for the past 6 years. The fourth patient w'as entirely 
free of symptoms for 4 years and has bled, from time to time, during the past 
3 years. The fifth patient was well for 6 years, then had recurrent hemoptysis 
for 2 years and has been well for the pant year. The last patient was well for 
10 years but, during the last 4 years, has had recurrent small hemoptyses. 

Of the 9 patients who remained symptom-free follotving operation despite 
the fact that their x-ray films wore abnormal, 1 has been followed for 7 years, 
2 for 8 years, 2 for 9 years, 2 for 14 years, 1 for 21 years, and the lost for 22 
years. In liew of the fact that certain ot the patients mentioned in the pro- 
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ceding paragraph did not commence to bleed for a number of yeare after opera¬ 
tion, there is no assurance that these 9 patients Avill not liave hemoptysis in the 
future. Bronchography has lieen perfonned in all 9 eases and, in each instance, 
demonstrates the presence of bronchial dilatation of varying degi'ee and extent. 
In view of the already-demonstrated tendency of such patients to bleed, a 
guarded prognosis must be given in all regardless of the fact that aU of them 
have remained well for 7 years or longer. 

With the object of attempting to determine the factors responsible for the 
pei-sistence of pulmonaiw cavities or bronchiectasis folloudng drainage of an 
acute putrid pulmonary abscess, the 15 cases of Group B were reviewed. In 
each instance, operation was perfonned Avithin 10 days to 5 Aveeks of the onset 
of SATnptoms; and, accordingly, chronicity of the pulmonary abscess can be ex¬ 
cluded as a cause of the residual pulmonary abnonnality. The first apparently 
significant finding was that in 8 patients the abscess caAdty, at operation, Aims 
noted to be three inches or more in diameter. In 2 of these cases, profuse 
hemoptysis occurred prior to operation; and, at operation, the caAUty Avas found 
to measure more than four inches in diameter. In practically all patients Avith 
large caAities, the clinical course AA'as characterized by high fcA'er, prostration, 
and apathy or other evidence of seA’-ere toxemia. In 3 eases AA'hich presented 
such clinical features, the preoperath'e film disclosed very extensiA^e pulraonaiy 
infiltration but, at operation, the pulmonary abscess did not exceed tA \'0 inches 
in diameter. In another 2 cases in AA'hich dense shadoAA's Avere noted in the pre¬ 
operative roentgenogram, at operation the lesion Aims found to have already per¬ 
forated into the pleura. In these 2 instances, several revisions of the operative 
AA'oiuid and prolonged drainage Averc required. In only 1 case of the 15 Avas 
the caAuty small (three-fourth inch in diameter) and the preoperatiA'e manifesta¬ 
tions mUd. This patient has remained symptom-free for 7 years since operation, 
bvAt the postoperatiA^e bronchogram rcA'ealed varicose dilatation of the branches 
of the left lower lobe bronchi in the Aucinity of the oi'iginal pulmonary abscess. 
From aU of the foregoing, it appeal's that cases characterized preoperativelA 
by extensiA'e pulmonary excavation, profuse hemoptysis, and severe s.ATuptonis 
are likely to be complicated postoperatiA'ely by persistence of pulmonary cavita¬ 
tion or bronchiectasis, or both. These may occur regardless of the fact thaf 
operation is pei'foi'med at a relatiAmly early stage of the disease. 

From a practical standpoint, the question arises AA'hether the cases which 
we have just discussed might have been treated more effectiAmly by some method 
other than that employed. In this connection, it is to be emphasized that all hut 
11 of our patients were treated prior to the time that penicillin and other anti¬ 
biotics became available to us. Without burdening the reader Avith a mass of 
statistics, it may be stated that many a patient Avith a large acute pulmonary 
abscess Avho presented a fulminating preoperative clinical course (hyperacute 
abscess) made an uneventful convalescence and has remained entirely Avell for 
many years folloAvdng simple surgical drainage.’^ On the other hand, we have 
presented evidence to indicate that other cases of the same general type, nh 
though relieved of symptoms of pulmonarA’- suppuration after operative drain- 
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ago, may tw left iiith jiulnionnry cavities or broncliiectatic dilatations which 
later are a source of hemoptysis. As regards primnrj- lobectomy or segmental 
resection, wo are unaware of any reports in the literature eoncoming such treat¬ 
ment in a large series of cases of “hyperacute” putrid pulmonarj’ abscess, dur¬ 
ing the period in which wo treated such cases by “one-stage drainage.” Ac¬ 
cordingly, we arc unable to state the mortality, morbidity, and incidence of 
satisfactorj- results that might have folloivcd pulmonary resection under the 
circumstances outlined previously. 

Among 154 ca.ses of acute juttrid pulmonary abscess operated upon by us 
in “the pre-penicillin era” (prior to January, 1043), 41 were of the “hj-per- 
aente” variety. Three of our 4 operative dcatlia occurred in this group.” Thus, 
simple drainage of these fulminating lesions resulted in a mortality rate of 7.3 
per cent prior to the advent of modem antibiotic thcrap}’. All 41 patients 
suffering from “h\^)eracntc'’ altscess were so ill at the time of operation, that 
it seems unlikely that they could have withstood any proccduie other than a 
rapidly performed, emergency drainage under local ancsthe.sia. Specifically, 
we maintain that lobectomy or segmental resection would have resulted in 
greater morbidity or mortality than that which resulted from drainage. 

Since the advent of ontibiotic.s, there has been a general tendency on the 
part of .surgeons to treat chronic pulmonarj- abscess by means of resection rather 
than drainage. There also has been a parallel trend in the treatment of acute 
putrid aliseess of the lung. Up to the present -writing, however, we have not en¬ 
countered anj- reports of combined pulmonarj- resection and antibiotic therapy 
in the treatment of a substantial number of cases of “hj-pcracute” abscess. 
Thus, the results of such therapy in “hj-pcracute” cases still remain in doubt 
although the results in less severe cases appear to he excellent, not only as re¬ 
gards low morbidity and mortalitj- but also high incidence of cure. For the time 
Iwing the following mode of treatment of fulminating cases of acute putrid 
pulmonary nbsce.ss appears most logical: 

a. In cases in which intensive antibiotic therapy does not result in prompt 
fall of temperature, reduction of the amount of sputum, and diminution of 
toxic manifestations, the safest procedure appears to bo one-stage drainage. 
Should the pulmonarj- ca-vitation or bronchiccta-sis persist, secondary lobectomy 
or segmental resection should Im performed at a later date, namely, when the 
element of gross infection has been eliminated. 

b. In cases in which antibiotic therapy- results in prompt control of in¬ 
fection, primary- lolicctomj- or segmental rc.section appear to bo the methods 
of choice. 

RUmiARY AND CONCLUSIONS 

Prior to Jan. 1, 1945, the authors subjected 165 patients suffering from 
acute putrid pulmonary- abscess to operation; 164 of these cases were operated 
on in the “pre-penicillin” era. 

Operation consisted of drainage in one stage, according to a technique 
dc8cril)ed previously-. 
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Among the 165 cases, there were 4 operative deaths (an operative mortality 
i-ate of 2.43 per cent). 

Of the 161 survivors, 46 could not be followed for a minimum period of 5 
years and therefore were eliminated from further consideration. 

One hundred fifteen cases, followed for from 5 to 25 years, form the basis 
of this report. 

The 115 cases were dmded into two groups, accoi-ding to strict criteria. 

Group A consists of patients who are considered “cured.” They are free 
of symptoms, have healed Avormds, and have negative chest films or bronclio- 
grams. There are 100 patients in this group (86.9 per cent of 115 cases). 

Group B consists of patients who cannot be considei’ed well because of the 
fact that they have residv-al postoperative p^dmonary cavities or hroncliiectasis. 
There are 15 eases in this group (13.04 per cent of 115 cases). Noiie of them 
has symptoms of residual pulmonary sujipuration. Nine have been entirely 
symptom-free. The remaining 6 patients have had hemoptysis at one time or 
another. Because, in some cases, bleeding occurred quite a niunher of years 
after operation, it is conceivable that the 9 patients who have been free of 
hemoptysis may bleed in the future. Under any circumstances, 13.04 per cent 
of 115 eases of acute putrid pulmonary abscess cannot he considered “cuiTd,” 
following one-stage drainage. This is a higher incidence of unsatisfactory re¬ 
sults than we had assumed previously on the basis of a shorter period of follow¬ 
up observation. 

Practically all patients in Groirp B presented large abscesses, extensive areas 
of puhnonaiy infiltration, profuse hemoptysis, or severe clinical symptoms, 
prior to operation. 

Among the 165 cases, 41 were of the above-mentioned “hyperacute” type. 
One-stage drainage in these 41 eases resulted in 3 operative deaths (an operative 
mortality rate of 7.3 per cent). However, the majority of patients suffering 
from “hjqreracute” abscess responded well to the one-stage drainage procedure. 

"While piimaiy lobectomy or segmental resection constitute theoretically 
ideal procedures in cases of “hjireracute” abscess, in so far as they would ap¬ 
pear to eliminate the danger of residual pulmonary" ca^dtu.tion and bronchiectasis, 
it seems fair to assume that such radical surgery would have been attended by 
a significantly higher morbidity and mortality than followed the one-stage drain¬ 
age opei-ation before the advent of antibiotics. 

Since the advent of antibiotics, the ideal appears more capable of being 
achieved. 
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TRANSTHORACIC, THORACOABDOMINAL PORTACAVAL 

ANASTOMOSIS 

Victor P. Satixsky, M.D., H. P. Redondo Rahiirez, M.D., and 
(by invitation) Lawrence Gilbert, M.D. 

Philadelphia, Pa. 

T he subject of portal cirrhosis has interested both internist and surgeon for 
many years. The prognosis in this condition lias always been poor; death 
has been uncomfoitably drawn out or has come with dramatic suddennes.s, ac¬ 
counted for by one or any combination of the followng mechanisms: 

A. Liver failure (cholemia) 

B. Portal InTiertensiou 
1. “Wasting ascites’’ 

2. Exsanguinatiou, due to rupture of: 

(a) Esophageal varices 
(b) Gastric varices 

The treatment of depressed liver function is medical. Remarkable im¬ 
provement is generally obtained with a regime consisting of a high protein, 
high carbohydrate, low fat diet, lipotropic substances, supplementary \itamins 
and proteins, liver extract, etc. The problem of portal hjqiertension, on the 
other hand, is one of mechanics. Due to intrahepatic, periportal fibrosis, con¬ 
gestion in the portal system ensues. Thereafter, the increased intravenous hy¬ 
drostatic pressure may cause ascites, or eomtiensation may take the form of 
varicosities of the venous trilnitaries, particularly the esophageal and gastric 
netvimrk. More eommouly ascites and varicosities coexist. 

The methods de\dsed to combat the disastrous sequelae of portal hjqier- 
tension are numerous and mgenious. These include the Talma-Morison opera¬ 
tion,^’ ^ insertion of the Crosby-Cooney button,® sclerosing of the esophageal 
varicosities,*’ ® intraesophageal venous tamponage,® posterior mediastinotomy,' 
gastric resection,® and gastroesophagectomy." Such methods, however, fail to 
strike at the critical point of obstruction, and are at best either partially or 
temporarily effective. The shunting of blood from the portal system directly 
into the systemic venous circulation is the most rational and effective method 
of dealing with portal hypertension. This method was proposed by von Bek in 
18and subsequently tried on hxmran beings with varidng and questionable 
success by Tansini (1902), Vidal (1903), De Martel and Lenoir (1910), Kosen- 
stein (1911).®^ It remained, howevex*, for the stimulating work of Whipple/''^ 
and of Blakemore and Loi'd,*®’ to renew intei’est in the concept of supple¬ 
menting the collateral circulation between the portal and systemic venoxis sys¬ 
tems, and to establish this therapy as one of choice in the management of portal 
hypeihension. 

From the Department of Thoracic Surgerj-, Hahnemann Medical College and Hospital. 
Read (by tiUe) at the T\venty-eighth Annual Meeting of The American Association fo 
Thoracic Surgerj^ at Quebec, Canada, May 31, June 1. 2, 1048. 
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Portal liypertcnsion may be diio to an iiitm- or c-xtrabeiial ic block. The 
incidence of intmbcpatic block, notably portal cirrhosis, exceeds by far the rela¬ 
tively few cases of extraheputie block which are (tenerally due to thrombosis, 
scarring, or cavemorantous tiwi.sfommtion of the portal or splenic veins.’* In 
cases of cxtmhopatie block, a siilcnorennl shunt is indicated. In portal cirrhosis, 
however, cither a spicnorcuni or a ])ortal-inforior vena cava (Eck fistula) anasto¬ 
mosis is available. It is generally conceded that tbc Eek fistula procedure is 
more desirable.”’ ” In the fiiat pliicc, and mast important, it is capable of 
shunting more blood tlian a splenorenal ana.stomosis. Normally, the splenic 
vein handles approximately 20 to 40 per cent of the total blood volume of the 
portal sA'stem. Splenorenal shunt, therefore, pei-mits only a partial teduction 
in portal hypertension, generally between 100 and ISO mm. of water” and while 
such a drop may be Hufilcicnt in some cn.sc3 to alleviate sjTnptoms, closer ap¬ 
proximation to the normal ])ortal pi-essurc of 100 mm. of water is de.sirable 
when dealing with abnormal pressures ranging Imtween 350 and 600 mm. of 
water. 



1.—Position of patlont and line of Inclnlon. The pptlent lies on the left aide In tho 
1^® lateral position. Tho Incision la ninde dlroctly over the ninth rib commencing at the 
lateral martin of the riffht oroctor aplnoe muaclca and la continuotl onto tho abdomen to the 
lateral border of tho right rectua niuacle. 

A second objection to splenorenal shunt for portal eirrbosis is the greater 
likelihood of tlirombus formation at tbc site of anastomosis. To offset this com¬ 
plication, Iicparin is generally cmplo.vcd postopeiatively, a precaution be.set with 
great liarard. Einnll.v, splenorenal shunt is not ns well tolerated by tbc patient 
as is an Eck fistula. The majority of cases of cirrliosis of the liver are associated 
with splenomegaly'"; perisplenitis is the rule and the splenectomy which is a 
necessary proliminurv- to splenorenal sinuit is nceomplisbed with difficult.v, if 
at all. A comsidcmble number of cases of splenectom.v in lieu of a proiiosed 
shunt operation never reach tlie iitemtnrc, and fatal outcomes in tliese instances 
arc listed ns failures in splenectomy and not splenorenal shunts. 

The objection' of by-passing the liver with portacaval shunt (Eek fistula) 
on the grounds of possible nutritional diSRculties” docs not seem a valid one. 
Mclndoe** demonstrated that in portal cirrhosis tlic maximum amount of blood 
reaching the liver ma the portal vein is 13 per cent. The establishment of a 
splenorenal shunt wiU reduce even tins amount to a negligible figure, even 
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though the portal vein itself is not molested. Moreover, Herrick^^ has shoivn 
by his perfusion studies that in the normal liver there is a 1 mm. rise in portal 
vein pressure for every 40 mm. rise in hepatic arterj^ pressure, while in the 
cirrhotic liver the ratio is reduced to 1 ;6. Herrick further pointed out that 
an arterial rise in pressure does not affect the portal pressure in nonnal livers 
until the 100 mm. mark is passed, whereas in cirrhotic livei’s the influence is dis¬ 
cernible with pressures as low as 30 mm. Such increased sensitivity of portal 
tension to hepatic artery alterations in pressure is another point in favor of 
portacaval as opposed to splenorenal shunt. It is, therefore, evident that the 



Fig. 2.—Exposure following resection of ninth rib: 1, Lower lobe of right lung t 2, .upper leaf 
of Incised diaphragm; 3, liver; i, lower leaf of diaphragm. 

Eck fistula offers the greatest possible relief of portal lij^pertension and should 
be employed in all Init those cases in wdiich other types of shunt operations are 
specifically indicated, such as the .splenorenaP® and combinations of the superior 
and inferior mesenteric with the vena cava, left ovarian, and left adrenal veins 
as reported by Linton.-^ In general, it would appear that the chief deterrent 
to the widespread adoption of the Eck fistula is the fact that when the usual 
abdominal approach is employed, it is a technically difficult procedure. 

In an effort to simplify portal-inferior vena caval anastomosis, one of us 
("V, P. S.) has reported a transdiaphragmatic, thoracoabdominal approach. ' 
This method not only facilitates exposure and obviates the need of working 




SATIXSKV fTT AU: THOKACOABDOMIXAL I^ORTACAVAL AKASTOilOSIS 276 


under the co.stnl engo in a deep wound, but pennits uccess to the portal vein to 
one side, instead of beliind tlic ootnnion duct and hci)ntic nrter}'. Briefly, the 
procedure is carried out ns follows: 

The pntient i« pinced on tho left ^ide, in the tnte Intoral position; a nand bag olevato* 
the left loin. An incision Is made over tho ninth rib, commencing at the lateral border of 
the right erector Hpinno muf-clwi and oxtonding to tho latcml margin of the right rectos 
moscle. Tho ninth rib is rcsoctod subporiostenlly, from its angle to Iho costochondral 
juncture, which is sevorc<l. (The ninth interspnoo may lie used.) After the chojrt is 
opened, the diaphragm together Arith the nbdoniinnl musculature and peritoneum are cut 
along the lino of Incision, thcrebj* freely uniting the lliomeic and abdominal enWties. 



Flp. 3, A. 

A amt n .— Schematic drowlnjra comparlnp: the rolatlonehlp of the atructures In 
iiic hepatcrtluodenal llirnincnt ns viewed from tho prone (nnnlomlc) poalUon and the loft 
laterel poaltion. 

A. rronc position (abdominal approach). The portal vein lie* behind the Mmmon duct 
hepntic artery: 1, KlRht lobe of liver; t, gall bladder; J, quadrate lobe of liver; 4, left 
hver; i, site of Inferior vena eavo; €, common bile duct; 7, hepatic artery; 8, portal 
retracteil duodenum exposing pancreas obove. 


duodenum exposing pancreas obov 

The lung and intestines aro packed awny and the liver {« dislocated into the right hemi- 
thorax, brlBglng the hilum of the liver nnd the Inferior vena cuva into direct view; 
•"ndling of the Intestine* Is minlmol, thereby lessening tho likelihood of postoperative 
liens. The peritoneum over the inferior vena cava is incised, nnd the inferior vena 
e»va is mobUiiod from tho level of the liver to the entrance of tho right renal vein. At¬ 
tention is then directed toward nioldlination of the portal vein. 

It Is wise to begin dissection of the portal vein laterally, so ns to avoid injur,* to the 
common duct. Complete mobilisation of tho portal vein is required, from its origin at 
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the superior border of the pancreas to the points where its right and left branches enter 
the substance of the liver. Ligatures are placed around each branch and the main vessel 
is placed between the jaws of a Blalock clamp. At this time, pressure readings of the 
portal vein are taken, following which the Blalock clamp is tightened. The branches of 
the portal vein are then ligated. A transfixion ligature is placed at the site of bifurcation, 
and the portal vein severed transversely just below this ligature, ensuring the greatest 
possible length of portal vein. Traction on the portal vein now facilitates its complete 
mobilization. 



FIb. 3. B. 

lateral position (thoracoabdominal approach). The portal vein 
side of the common duct and hepatic arterj"; the common duct obscures the hepatic 
view: i. Right lobe of liver; 2, the caudate lobe of liver now' comes Into view: J, 
ferlor \ena cava; portal vein; 5, common duct overljdnc the hepatic artery; 6, gall Diaaa 
now lying to the right; 7, duodenum. ^ ^ ^ 


The inferior vena cava has already been prepared for anastomosis. Since this vessel 
maj not be clamped off aljove the level of the renal ve.ssels for more than ten minutes 
without incurring anuria, it is necessary to permit'vena caval blood flow during the 
anastomosis. This is made possible by merely constricting a portion of the anteroraediri 
wall of the vessel by an unshod special clamp.* The pinched-off portion of the vessel is 
utilized for the anastomosis w'hile blood flow beneath the horizontal blades of the clamp 
continues freely. A portion of the vein held in the clamp is then excised, the length of 
excision corresponding with the width of the severed portal vein. Excision of a portion 
of the vein is to be preferred over simple incision; the museulo-elastic fibers in the media 
of the inferior vena cava run longitudinally, and, if simply incised, would tend to re 
approximate the wound. Since a transverse incision is not feasible, the removal of a small 
portion of the wall of the inferior vena cava insures against postoperative closure of the 
anastomosis. To facilitate this maneuver, a special long-handled scissors with a large, 
upward curve has been devised.* 

•The S^Insky clamp and scissors are manufactured by George P. Pilling & Sons* 
Philadelphia, Pa. 
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, ,, Mff. 4.—iFollowUiff retnictlon of the llvrr wnrt Jnteitine*, the operuUve area U cxpoecO. 
1, Retractor over Inferior rurfACe of rlpht lobe of liver; Z, caudate lobe of liver: S, Inferior 
^“ena cava; 4, portal \*e(n: i, common bllo duct: fl. hepatic Ouct; 7. cj'MIc duct: 8* call bladder; 
3, dnorienuni. 



rr-p 

that —Satln*ky clanip and eclAaor*. The inferior vena cava l» clamped in n n^anne^ 

curv»*A#lu venou* How durlnc the performance of the portnca%‘al anaM«»nK>ala The rpeclnl 
ot tne adtaorfl facIUtatea exclelon of a portion of tiie Inferior vena ca\‘a. 



the journai- of thoracic surgery 
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eln; 5. Blalock clamp; 6, duodenum, <, cauuu. 
iladder. 



{1^_^^11 be 

•p,[„ 7_Anastomosis Is completed J'Rh 3^"anter?or suture I'n® I ^j^blad^®'"' 
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Direct ftnB5tomoj»l« of tlio proximal end of tbe divided portal vein to llip nido of the 
Inferior venn cava is performed wltli 00000 braided «ilk on an atraumatic needle. A 
ninninp cvortlnp mnttrcj<j< Buturo u^e<l. The nutures are not intorniittcntJy interrupted 
OB suppested by IUnIock.« InHtond, a knot lx tied nt the atartinp and end j>olnt» of tho 
posterior (oituro lino to prevent purxo strinpinp of the vcivel. Both knotx nro tioil on the 
outside. An interrupted stay suture uoilt^x tho portal vein and inferior vena cava on 
cither side of the suture Hue to relieve some of tho tension nt tlio anples of tho nnastomosifi 
and to prevent tho anples from pullinp in. One of tho free ends of tho tension sutures 
is tied to a free end of the unastoniotle sutures. Until the completion of tho anastomosis, 
the intimn of both vessels nro frequently irripnted with a dilute heparin-saline solution. 



Flf. 8. —EJnd-to-sIde, tnUnin-to-Inttma onsstoniost* of tho portai vo/n to tho Inferior vena 
cava; /, Retractor over rlRht lobe of liver; i. Inferior \'oon cuva; 3, auturo line; 4> portal vein; 
rtcht renal vein; i, caudate lobe of liver; 7, common duct; 8, pnll bladder; 9, duodenum. 

Note poiltlon of suture lino after rclenso of clnniiw; tJ»f anastomosis occupies tho Tinterior 
MPect of tbe Inferior vena cmva In a plane oxcwdlnp 90* relative to tho rlfrtit renal vein. 
There should bo neither anpulatlon or tension- 

When the anastomosis is completed, tbe Blalock clamp is romovod. This permits 
venous blood to 1111 up the interstices rondo by the sutures. Unless there Is a larpo leak 
ip the suture line requiriup additional, interrupted sutures, the ooslnp v.ill stop in a fen- 
moments, The clamp on tho Inferior venn cavn then may be removed, and the efficiency 
of the shunt nt once becomes Wsiblo. Penicillin is placed In the peritoneal and thoracic 
earities (60,000 units into each), the dinphrapni Is sutured with Imbricntinp, interrupted 
mattress sutures, and the abdomen and chest nro closed in layers. At the Thoracic Surpical 
Unit of tho Hahnemann Hospital, closure of the chest with iatorcostal drabnge is the 
rule. Cotton suture technique Is employed. 

Because of tho larpe size of the shunt, tho fact that the portal tension is highest and 
the inferior vena caval pressure lowest nt the site selected for anastomosis, and becauno 
*■ portion of the inferior venn cava Is excised, there need 1 h 5 no fear of either postoperative 
closure or thrombus formation at tho site of anostomosls. For this reason heparin is not 
cmploj*od i>ostoperntlvely. Consequently, not only are tho dangers of anticoagulant therapy 
avoided, but early ambulation Is made possible. 
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An objection to the transthoracic route for portacaval shunt may be raised by those 
who argue the need for pressure readings of the portal system at the time of operation. 
Generally, a diagnosis of intra- or extrahepatic block can be made preoperatively. Indeed, 
at the present time, a good manj' patients have been found to have portal cirrhosis at a 
previous laparotomy. In any case, if pressure readings are desired, the abdominal portion 
of the wound can be made first, and the incision can be extended to the left instead of 
over the right costal cage, if a splenorenal shunt is specifically indicated. The use of a 
tilt table facilitates this maneuver. 


CASE REPORTS 

Case 1.—E. G., male, aged 44 years, had enjoyed excellent health until he developed 
diabetes mellitus in 1940. Then, in January, 1946, the patient vomited blood and passed 
many tarry stools. A diagnosis of duodenal ulcer was made and purportedly confirmed by 
x-ray examination. An episode of hematomesis occurred eight months later and again 
in January, 1947. A splenomegaly was noted but apparently little significance was at¬ 
tached to this finding. 

When the patient was first seen by' one of us attention was focused upon the 
splenomegaly. Although the liver function tests were well within normal limits with the 
exception of the Bromsulphalein test, which showed 10 per cent retention, a diagnosis of 
cirrhosis of the liver was tentatively' made. 

In May, 1947, a laparotomy was performed. Cirrhosis of the liver was found, with 
marked splenomegaly'; a biopsy of the liver was taken and a Talma-Morison procedure 
carried out. The presence of a duodenal ulcer -was not demonstrated. The patient made 
an uneventful recovery' and the pathology of the liver was reported ns conclusive of ex¬ 
tensive active portal cirrhosis. 

Four weeks later another gastrointestinal hemorrhage took place. This was combated 
with blood transfusions. 

From June, 1947, until January', 1948, the patient remained in poor health. He was 
maintained on periodic intramuscular injections of liver and 25 units of protamine zinc 
insulin. At this time the liver function tests were as follows: Total protein 6.4 with 4.2 
albumin and 2.2 globulin; cephalin flocculation +1; thymol turbidity 4.3 units; Brom¬ 
sulphalein 20 per cent retention in one hour; prothrombin time 55 per cent of normal; 
total cholesterol 250 mg. per cent; cholesterol esters 44 per,cent. X-ray examination showed 
the presence of esophageal varicosities which until this time had not been demonstrated. 
Barium enema show-ed the splenic flexure to be sharply depressed by a huge spleen lying 
above. 

A portacaval shunt for the relief of bleeding of esophageal varices which was secon¬ 
dary' to an obvious portal hypertension seemed clearly' indicated and on Jan. 28, 1948, the 
.shunt was established according to the previously' described method. A moderate degree 
of ascites was found at the time of operation. Convalescence was uneventful. Since 
operation the patient has enjoyed considerable comfort and there has been no evidence of 
gastrointestinal bleeding. The spleen is no longer palpable and there is no x-ray evidence 
of its enlargement. Esophagograms fail to demonstrate varices. As a whole, the fiver 
function tests have remained unaltered. The patient has gained weight and with the 
exception of the diabetic state, does not consider himself ill or incapacitated. 

Comment .—This ease represents the ideal for transthoracic portacaval 
shunt: (1) The patient was in fairly good general condition; (2) liver function 
tests showed the liver not to be too severely damaged; (3) diagnosis had been 
unequivocably established; (4) maximum collateral circulation between the 
portal and systemic sj'stems of veins had long been attained; its inadequacy^ was 
manifested by^ repeated bouts of gastrointestinal hemorrhage, and it appealc 
certain that only a more efficient collateral pathway, preferably in the form o 
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nn Bek fialuln, could avert n fntnl outcome. At the same time, tlic clinical mani- 
festatious of a decompeu.satin); eollaleral circulation indicatetl that the liver 
was ohtaininp its blood aujiply almost entirely from a eompensatorily dilated 
hepatic arterA’, and that it would, therefore, he safe to dinde tlie portal vein; 
(5) an enormously cnlarped spleen together with its liighly vascular perisplenitis 
was left unmolested; (6) adhesions from the previous laparotomy and a pre- 
riously elective attachment of the omentum to the anterior abdominal wall were 
completely avoided by the transthoraeic thoracoabdominal approach. 

In addition to the indications for portnca\-al slmnt and the advantages of 
the recommended approach, this ea.se cmphn.sij;e.s the desirability of preserving 
the spleen; congestive splcnomegal.v and its as,soeinted hj-pcrsplenism resolved 
shortly following the establishment of the portacaval shunt, 

dVflR 2.—A. A., mnlp, 54 yeflrn, n hoftvr drinker, wiw ndmittrtl to the hospital 

In a itate of ^hock one hour following an eplfode of aovore henjateme^ig. Pant history 
revealed hogpllnlitatlon two nionthg previoualy for henmteroegL^ and progregaivc abdominal 
enlargement, a forty to llfly pound wolglil lo»g In the preceding two year*, and variable 
ankle gwelHng during the preceding two monthg. 

PhyA/rrtI Findin//# on .Idmisnion.—^Blood prcMure M/JjO, with a pulge rate 
of 124 per minute; grade 2 nortlc gyatolic cardiac murmur; marked diatontion of the ab¬ 
domen vrith olieitable fluid wave; noopalpable liver and apleen; apider hemangiomai over 
the right cheat and ghoulder; LilatemI 2+ ankle edema. 

Siffni/fertof Loborofory Sii/fficf.—R<sl blood ceUe, 2,000,000 per cjnnu with a hemoglobin 
of 7.8 grama per cent; white count oanentially normal; blood urea nitrogen 28 mg. per 
cent; chloride* 470 mg, per cent; carbon dioxide eombioiog power 40J) volume* per cent; 
^erum protein* 7.0 per cent with a 2.S per cent albumin and 4.2 per cent globulin; Brom- 
anlphaleln excretion test 20 per cent retention; cephalin floccolation +2 in 48 hour*; 
thymol turbidity teat negntlre in 18 hour*. 

Covru in Hotpital ,—Pollovring adrab'rion the pntient responded to liberal adminiatra- 
tion of dtrafed whole blood transfualons and plaama introrenougly. He wfl« placed on a 
high protein diet (200 gmrafl daily), choline 1.0 Gm. three timoa dally, thiamine hydro¬ 
chloride dOO rag., nicotinamide 100 mg. and acerbic acid 500 mg. daily. 

On the second, fourth, and sixth ho»pital days the patient vomited eopiou* amount* 
of bright red blood; on each occasion he went into shock, but fortunately responded to 
liberal whole blood and saline infusions. X-ray examination of the esophagus with barium 
revealed esophageal varices and the patient was scheduled for portacaval shunt. But 
once again hemntomesis superA'Cned. In on attempt to arrest hemorrhage, esophageal 
tamponade wns instituted, without success. Only repeated replacement of the blood loss 
kept the patient alive. By the eighth hospital day the patient was comatose, markedly 
icteric, and manifested auricular flbrillation. Blood urea nitrogen was 38 mg. per cent 
and the carbon dioxide combining power 31.5 per cent. Abdominal paracentesis at this 
time recovered 3,fK)0 c.c, of amber fluid. 

The patient remained in the state of apparent liver failure for seven days then 
slowly began to improve; laboratory findings returned to normal except for a red blood 
count of 2,800,000 per c.mni. with a hemoglobin of 7.6 grama per cent; prothrombin level 
(Quick) 53 per cent; total protein 5.6 with a 2.7 per cent serum albumin and a serum 
globnlin of 2.S per cent. 

Transthoracic portacaval anaatomosis was performed 24 days following admission. 
At operation a small hobnailed liver was demonstrated. During the course of the opera¬ 
tion (a 4'hoQr procedare), the patient received J,600 c.c. of eltrated whole blood and left 
the operating room In good condition. On the first postoperative day the patient was 
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ambulated and hematologic studies 'U’erc essentially unchanged from preoperativo levels. 
On the second postoperative day, without warning, the patient experienced a sudden bout 
of severe hematemesis and despite replacement therapy died in two hours. 

Pertinent autopsy findings revealed the portacaval stoma to bo inviolate. However, 
there was marked compression of the portal vein which was, in part, found to be over- 
lying the anterior aspect of the inferior vena cava proximal to the suture lino. Other 
significant findings were a disproportionately enlarged caudate lobe of the liver and severe 
congestion of the major part of the gastrointestinal tract, with intermittent areas of small 
ruptured veins. The fatal gastrointestinal hemorrhage was secondary to the marked 
portal hj’pertension which followed upon compression of the portal vein., Undoubtedly, 
it was the preoperativo, physiologic connections between the portal and systemic systems 
of veins which accounted for the forestalling of death until the second postoperative day. 

Comment .—In retrospect it was easy to reconstruct the combination of 
anatomic factors and technical erroi's which resulted in compression of the portal 
vein: (1) In this patient the caudate lobe was inordinately enlarged, almost 
reaching the level of the renal veins. Unfortunately, the portal vein was per¬ 
mitted to overlie the caudate lobe in its new, anastomotic position; we realize 
now this was a mistake in judgment. But even this factor in ad probability 
would not have had such disastrous effects Avere it not for the fact that (2) the 
suture line was established on the same plane as the right renal vein. This means 
that when the patient was rotated on his back, from the point of view of ana¬ 
tomic position the suture line occupied the true lateral, instead of the desirable 
anterior or medial aspect of the inferior vena cava. The portal vein, stretched 
over the inferior vena ca^m and subjected to an increase in intra-abdominal 
pressure in the prone position, was, in effect, sandwiched between two resistant 
forces. Again, if the caudate lobe Avere not enlarged, it is possible that the poor 
position of the suture line Avould not have had such a catastrophic result. 

There are several lessons to be learned from this case: 

1. A patient can be carried through an operation for portacaval shunt Avith 
prothrombin levels just above 50 per cent. 

2. In the true lateral position, the inferior vena cava presents its lateral 
aspect, more or less in the plane of the right renal vein. Care must be taken to 
establish the anastomosis of the portal vein to the inferior vena cava in the plane 
90° to 180° in relationship to the right renal vein; this precaution Avill guard 
against “t.Avisting” of the portal A^ein over the inferior A'^ena cava. The use of a 
tilt table may be helpful in securing the desirable position for anastomosis, hi 
practice, hoAvever, the initially recommended position of tlie patient presents 
no real difficulty since the long, curAmd handle of the Satinskj'^ clamp facilitates 
easy selection of a site for anastomosis and efficient control of the inferior vena 
cava. 

3. If an enlarged caudate lobe is present, and in Laennec’s cirrhosis tins 
is an unusual finding, the transposed portal vein should be placed beloAV this 
structure so that it can rest unencumbered on all sides. It may be necessar.v to 
deliver the portal vein below the pancreas and establish the anastomosis eau n 
to the level of the renal Aoins. As an alternative, the hindering portion of the 
caudate lobe of the liver may be resected. 
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4. Tlie nrgcncy of siirgicnl iiiteiTcntioii in cnses of portal cirriiosis ivitli 
severe hemntemesis is emphasized. Undue delay inA-ites repeated bouts of 
gastrointestinal hemorrhage. The optimal time for surgerj' is immediately 
following restoration of blooel lo.ss, other factors permitting. 

Case 3.— S. nmlo, npe<l 47 year*, wop nn ncltnowlcdped alcoholic who admitted to 
the comnamptlon of one lx»ttle of whisker daily; anorexia, thirty*flve pound weight low, 
and proprc^alve nccltca and dependent edema during the two yearn prior to admtwjion; 
edema of eyelidn, novoro dependent edema and nncitos commencing eleven weeks heforo hos- 
pitnliiation, with nn incident of coma during this time; repeated abdominal paracentesis. 

Poxitivc Physical Fh<1ing on Admission. —Emaciation, disorientation; liver edge pal¬ 
pable at the crest of tbo ileum; marked abdominal distention, and dependent edema. 

Significant Laboratory Studies .—Benim proteins fl.l; albumin fraction SJH per cent; 
globulin fraction per cent; prothrombin (Quick) 63,6 per cent; cephalin flocculation +8 
in 18 hours; thjTnol turbidity +3; Bromsulphalein 16 per cent retention; blood urea nitrogen 
10; chlorides 590.7. 

Coarse in Hospital .—Following admission, patient was placed on a high protein diet 
(200 grams dally), crude liver 2 c.c. Intmmuscolnrly and hfercupnrin 2 c.c. daily; Solulexin 
ampules 1 twice daily and Synkovite 10 rag. daily. Peritoneoscopy revealed a large, 
moderately nodular and granular Hvor. Biopsy specimens taken from the liver at this time 
failed to absolutely reveal the structural cellular pattern of cirrhosis. Despite maximum 
vigorous thompy, the patient showed no improvement. On the thirteenth day after ad¬ 
mission, a transthoracic portacaval anastomosis wns performed. TTie pressure in the portal 
vein prior to shunt was 400 mm. of IT|0; following annstomosls it was found to be 160 
mm. of H,0. The patient ^ws adniiuistorod 1,500 c.c. of titrated whole blcNDd through a 
3^-hour proeodnro, and left the operating room in good condition. The immediate post¬ 
operative course presented certain difficulties. The patient was uncooperative and refused 
to cat. Intravenous protein hj-drolosates and whole blood transfusions were employed 
to maintain protein levels. Abdominal paracenteses were required at weekly Intervals; 
between 2,700 and 5,000 c,c. of amber fluid were withdrawn. Four weeks postoperatirely, 
in addition to dependent edema and ascites, the patient demonstrated a right hydrothorax; 
thoraceotcsis recovered 1,200 c,c. of fluid on one occasion and 1,000 c.c. on another. Dur¬ 
ing this time total proteins ranged between 5.0 and 5J) with albumin levels between 2,3 
per cent and 2.2 per cent and globulin values between 2.7 per cent and 3.7 per cent. 
Approximately six weeks following the establishment of portacaval shunt the patient com¬ 
menced to show improvement. He was discharged nine weeks following surgery without 
ascites, edema, or hydrothorax. At this time total protein was 6.3, albumin 3.2 per cent, 
globulin 2.1 per cent. 

Comment. —Tliis case brings out three points worthy of special considern' 
tion. (1) A blood Hcrum albumin ]>eIow 3 per cent is not necessarily a contra¬ 
indication for portacaval shunt, os generally believed. This patient tolerated 
surgery well with an albumin of 2.2 per cent. (2) Patients with cei'ebral mani¬ 
festations of liver failure in addition to portal hjT^ertension should be operated 
upon as soon os their general condition permits. We have had instances in which 
‘^vaiting for the optimal time’^ following recovers' from cerohrol involvement 
finally eventuated in a recuri'cnco of frrmptomntologA" ■u'itli death. Wo believe 
that the optimal time is as soon as possible. As in this ease, patients may con¬ 
tinue to go downhill despite adefiuato medical treatment. Actually, by ordinary 
standards, this patient was a very poor surgical risk. (3) Follounng portacaval 
shunt, ascites and edema may not disappear for several Mtieks. It is interesting 
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to note that there was very little change in the total protein and albumin-globulin 
ratios from the time of admission to discharge, certainly not enough to account 
for the hydi-othorax and the subsequent gradual disappearance of the ascites 
and edema. This observation opens up for conjecture the possible existence of 
factors other than those already Imovm governing tissue fluid distribution 
(W. Liko£f).=^® 

Case 4. — E. W., aged 22 years, was hospitalized in a profound state of shock following 
an acute episode of liematemesis. Past history revealed that three years previously, following 
an attack of hepatitis, a diagnosis of Banti’s disease was made. Exploratory laparotomy at 
that time demonstrated hepatic cirrhosis associated nith splenomegaly. For one year tefore 
admission there had been intermittent e<leraa of the legs and ankles, and progressive increase 
in abdominal girth. Four months prior to admission the patient experienced and ignored two 
bouts of gastrointestinal hemorrhage, expressed orally. 

Laboratory Stwlien on Admission .—^Eed blood cells, 1,940,000 with a hemoglobin of 3.5 
grams per cent; white blood count essentially normal; prothrombin time (Quick) 100 per 
cent; serum proteins 4..5.5 per cent with an albumin fraction of 2.91 per cent and a glohnlin 
fraction of 1.64 per cent; Bromsulphalein test showed 24 per cent retention of the dye; 
cephalin flocculation +3 in 48 hours; thymol turbidity was +1 in 24 hours; cholesterol 140. 

Course in Hospital .—Pertinent physical findings on admission revealed a pale, appre¬ 
hensive white man with subnormal temperature. Pulse rate was 134 and the blood pressure 
barely perceptible at the level of 50 mm. of mercury systolic. He made remarkable recovery 
ndth liberal whole blood transfusion. The patient was placed on a high protein diet with 
supplementary vitamin, liver, and lipotropic preparations. Studies of the esophagus by x-my 
examination demonstrated considerable varicosities of the lower esophagus. With repeated 
blood transfusion a hematologpc level of 4,000,000 red blood cells per c.mm. with a hemo¬ 
globin of 11.6 grams per cent was finally obtained. 

Seventeen days after admission, a transthoracic portacaval anastomosis was per¬ 
formed. Pressure reading in the portal vein prior to anastomosis was 400 mm. of water. 
At the completion of the anastomosis pressure within the portal vein was 190 nini. of 
water. The patient was administered 2,000 c.c. of whole blood through the course of a 
4-hour procedure and left the operating room in good condition. The postoperative course 
was uneventful. The patient was discharged on the twenty-first postoperative day, with 
the edema just beginning to disappear. Liver function studies at the time of discharge 
showed no appreciable changes. 

Comment .—In this case, .portal hyq)ertension was clinically manifested by 
both ascites and gastrointestinal heinorrliage. A normal prothrombin time and 
an admission serum albumin above the critical level for edema demonstrated 
that the ascites and hemorrhage were not attributable to factors of depressed 
liver function; poidacaval shunt was the only means of averting unexpected 
death from rupture of esophageal varices or expected wasting from loss of pio- 
teins in ascitic fluid. 


SUMMARY 

I. The indications for portacaval shunt may be summed up as follows: 

1. Portal hypertension due to intrahepatic block in which gastromtestiii!il 
hemorrhage, ascites, or both threaten the life or comfort of the patient, im¬ 
mediately or in the predictable near future, and in which the hemorrhage or 
ascites are proved to be due to portal hypertension and not low prothrombin 
and serum albumin levels. 
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2. Ovor-nll liver function studies which will offer the pntient n fair chance 
of survinnp surgery. 

a. Patient.s tvitli a prollirombiu time of 50 per cent or more will tolerate 
surper;'', from the i)oint of A-iew of a eontrollahlc hcniorrliape dia¬ 
thesis. 

1). Patients with scrum albumin ranging in the low Ica'oIs of 2.0 per 
cent will tolerate snigerj-, from the point of mew of depressed liver 
function. It is naturally expected tlmt ever}’ knoAvn means bo 
utilijuxi to improve liver function niaximumly prior to operation. 

3. Cases of intrahepatie portal block in which an cnonnomsly enlarged 
spleen, a prcvioiLS splenectomy, and/or a prcA-ioas abdominal laparotomy miti¬ 
gate again.st a contemplated .splenorenal shunt. The.se indications arc included 
only for the sake of completeness, .since it is our belief that .splenorenal shunt is 
in general a less dcsimlile procedure. 

II. Oiiiimal iime for nurgery 

1. Patients with depressed liver function should be operated upon ns soon 
as maximum improvement Is reached following a ngorous medical regime; this 
should include the admiui.st ration of human aemm albumin in selected cases. 
If the medical regime is carrierl too long, the op))ortunity for surgery may he 
lost. 

a. Bx.sanguinating hemorrhage may intervene. 

h. Fatal cerebial involvement ina.v occur. 

c. Prothrombin values may itegiu to fall after obtaining a maximum 
IcA-el. 

d. Sonim protein values and albumin-globulin ratios ma.v decline after 
reaching their peak. 

2. Patients tvith fairly good liver function evidencing severe hematemesis 
should bo operated upon as soon ns po.ssible following restoration of blood lo.ss. 

IIL Prognosis 

1. Patients sunuA’ing surgeiy can be assured relief from the effects of portal 
h.ATicrtenaion.* 

a. Esophageal varicosities eventually disappear, Imth clinically and 
by barium study. 

b. Congestive splenomegal.A' and h.vpcrspleniam resolve. 

c. Aiwites and edema attributable to imrtal hA’portension clear up; 
several weeks ma.v elapse before improvement is noted. 

2. Liver function studies may shoAv no change, improvement, or slight 
rcgres.sion. 

IV. T)ic precariiioiis io he iahen and the pitfalls encountered in the per¬ 
formance' of transthoracic portacaval shunt may be summed up as follows: 

1. The site for suture lino should lie on the anterior or anteriomedial as¬ 
pect of the inferior vena cava, in a plane lying Imtween 90° and 180° relative 
to the right renal vein; the cmplo.vmcnt of a Sntinsky clamp facilitates proper 
selection and control of the anastomosis site; a tilt table may he useful. 

I- "It I* now tiro and onf^half year* aince the flrat patient iraa operated upon. The ipleen 
and the patient has been completely free of »}inptoma: prior to aurgerj* he had 
of hematen>e*li on the averaffe of once ei'ory throe months. The details of 
t»verve additional casea will be reported upon In a 8UbJte<iuenf paper. 
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2. Avoid angulation and/or tension of the suture line. 

3. Care must be taken to place the transposed portal vein below an enlarged 
caudate lobe of liver. To accomplish this, re.seetion of the caudal portion of tbe 
caudate lobe or anastomosis of the poi’tal vein to the inferior vena cava below 
the level of the renal veins may be necessary. 

4. Dissection of the portal vein is begun laterally so as to avoid injury to 
the common duct. 

5. It is not necessary to shod the jaws of the Satinskj’' clamp. Shodding 
not only reduces available anastomosing space but inteideres with aecumte 
closure of the blades. 

6. A portion of the inferior vena cava .should b.e excised rather than simplj 
incised. 

7. Until completion of the anastomosis, a dilute heparin-saline solution 
should be employed locally to irrigate the intima of the inferior vena cava and 
portal vein. 

8. Early ambulation is encouraged. 

V, The adi'antagcs of a iransthoracic, tlioracoahdomiiKtl poiicicaval slwd 
are decisive and manifold and may be summed up as follows: 

1. Exposure is excellent because of the free spread of the ribs, and the 
free communication of the chest and abdominal cavities. 

2. The liver can be dislocated into the right hemithorax, since the restricting 
effect of the diaphragm is obviated. Access to the hilnm of the liver is, themfoi'c, 
direct and simple. 

3. The stnrctures in the lesser omentum are approached from the latera 
aspect, advantageously presenting the portal vein to one side, instead of be 
the common duct and hepatic aidery. 

4. Ligation of the riglit and left branches of the portal vein is possible. 
Such liigh ligation, flush with tlie livei’, not only affords a longer segment o 
portal vein for anastomosis but offsets the chances of thrombus formabon 
initiating in a blind venous pouch. 

5. The inferior vena cava and the hilimr of the liver are presented more 
supeifleially in the lateral than in the prone position. 

6. Troublesome venous collateral circulation is more easily coped with by 
this direct exposure. Indeed, it Ls practicallj'^ avoided, particularly the networ 
vdthin the hepatoduodenal ligament; these collaterals are often mistaken o 
“eaveniomatous transformation of the portal vein,” and frequently mislead 6 
surgeon into abandoning attempts to establish a portacaval shunt. 

7. By employing the thoracoabdominal route, portacaval shimts will ® 
favored over splenorenal anastomosis. This is desirable for the followmc 
reasons: 

a. Portacaval shunt is more efficient. 

b. The function of the spleen is preserved. 

c. Failure to establish a portal-systemic anastomosis because of rt 
surmountable perisplenitis is avoided. 
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d. Ilcjiurin Lm not miuired postoporalivolj' as it is ivitli splenorenal 
sliunt. Tile larRc shunt and udde pressure gradients afforded by 
portacaval nnastomosis, together irith the precaution o£ exeising 
a portion of the inferior vena earn insure against spontaneous 
closure of, or tluemhosis at the suture lino. 

8. With the patient l.Adng on the left side the suture line supports its 
maximum tension. The dependability of the suture line is, therefore, risualired 
immediately at the time of operation. 

9. Because of the simpler technique of the thoracoalMlominal approach, 
operative time is reduced by more than one-half, thereby avoiding the surgical 
shock associatwl with lengthy procedures and prolonged anesthesia. 

10. The thoi-acoabdominal approach permits portacaval anastomosis to be 
carried out with minimum handling of intestine, thereby preventing or reducing 
considerably postoperative ileus. 

11. Adhesions from a previous abdominal laparotomy or Talma-Morison 
operation are avoided. Jforeover, there is less likelihood for the formation of 
anterior abdominal wall adlicsions, with their attending complications. 

12. The thoracoabdominal approach is less likely to give rise to incisional 
hernia, since the alidominal portion of the wound comprises a small part of the 
entire incision. 

CONCLUSION 

Thoracoabdominal approach for portacaval anastomosis appears to bo the 
method of choice for the treatment of portal hj-portension secondary to intra- 
hepatie block. By moans of this simplibed approach, if is felt that portacaval 
shunt will achieve a more dynamic role in the therapy of portal h.vportension. 
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PISTUBBANCES IN ACID-BASK BALANCE DURINO 
ETHER ANESTHESIA 

With Special Refehexcr to the Ciianoes Occubrino Durino 
Thoracic SuRoi.niA' 

P. II. Tayiair, JI.I).* anii a. Roos, JI.I). 

With the Technical Arslstance of I). ,1. IIeor and B. Z. Sanfti.edi'Ln' 

St. Loi'is, JIo. 

C ONSIDERABLE intercut lias lieoii directed latoly to Die di-stiirliances in 
acid-base balance of the blood occurrint; as a result of etber anesthesia 
during intmthoracic procedures. Beecher and associates' demonstrated the 
development of a progressive respirator}’ acidosis in the course of lobectomies 
and pneumonectomies. This acidosis tviis frciiuently uneompensated in that a 
definite, and sometimes ominous, fall in arterial plasma pH was eneountered. lu 
a number of instances the respirator}- acidosis was complicated b.v the accumula¬ 
tion of fi.ved acids and therefore some degi-ec of metabolic acidosis was also 
present. 

The mechanisms by which enrlion dio.vide is allowed to accumulate in the 
alveolar air during aiicstlic.sia arc not entirely clear. It was in an effort to 
elucidate these mechanisms that the present study was undertaken. It is self- 
evident that only by a clear understanding of the nature of the abnormalities 
in gas e-vchangc can appropriate measures be taken to prevent this undesirable 
aspect of anesthesia. 


material and methods 

All patients studied were premedicated with barbiturates followed by 
morphine or demerol and atropine. Induction of anesthesia was accomplished 
by means of sodium pentothal and nitrous oxide. The latter was discontinued 
as soon as unconsciousness was reached, after which a mixture of ether and 
oxygen was given during the remainder of the ojioration. Closed intratracheal 
anesthesia was used in all cases except in kidney operations in which the ether- 
oxygen mixture was administered by means of a mask, asing a closed system. 

Six different gi-oups of patienLs were studied. Five of these, namely, 
imeumonectoniies, lobectomies, esophagectomies, thoracoplasties and kidney 
operations, wore performed with the patients in the lateral position. The sixth 
croup consisted of general surgical procedures on paDents l}’ing in the supine 
position. 

Arterial blood, both for control studies and for observations during 
anesthesia, u-as collected under anacrolric conditions. One anesthesia sample 
was withdrawn as late as possible before anesthesia was discontintied. If the 
operat ion lasted for more than one hour, two or more blood samples were usually 

Thlj •ludj' waa mjpporteO by a errant from Uie United States Public Health Service, 
ng LAborator>’ of Thoracic Plij'aloloip', Department of Surgeo' find the Department 

I iTiyslology, tVashlngton Univoralty School of Medicine. 

Baceived for publication ifay 1, IffSO. 
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collected. The blood was taken to the laboratory where its analysis was immedi¬ 
ately begun. Oxygen content of whole blood and CO 2 content of anaerobically 
separated plasma were determined in the Van Slyke manometric apparatus. 
Since the blood collected during anesthesia contained ether, the usual gasometric 
procedures could not be used. Oxygen content of this blood was determined by 
the method of Shaw and Do^vning,^ while plasma CO 2 was analyzed by the 
Austin technique.^ Duplicate determinations of the former checked within 0.1 
volumes per cent, of the latter udthin 0.15 m. mol per liter. The oxj'gen 
capacity was determined by analysis of the blood equilibrated "with room air in 
a flask for 20 minutes. In the presence of ether the air in the flask was flushed 
out repeatedly wdth a moist stream of room air before equilibration was started. 
The analysis could then be carried out in the routine fashion.'* The plasma pH 
was measured in duplicate by means of the Van Slyke and associates photometric 
application to the Hastings-Sendroy technique.'^ The Beckman spectrophotom¬ 
eter, klodel B, was used. The hematocrit value wms calculated from the oCTgen 
capaeityL^ The plasma pCOo and blood buffer base wmre found wdth the aid of 
the nomogram of Singer and Hastings.® 


RESULTS 

The results are tabulated in Tables I through VI. They can be summarized 
as follow's: 

1. In the great majority of cases in all six groups, a total of 48, a fall in 
arterial pH and a rise in arterial CO 2 tension were observed in each of the 


PATIENT 

Pb~ 


Table 1. Slx Pneumonectomies (Intratiiaciieal Etiier-Oxtgen] 


TIME 


0- 




AFTEH 

TI.ME 

SATUKA- 



PCOj 

po^inoN 

PLEUKA 

TION 

PL. COj 


(MM. 

diagnosis f nouns) 

OPEN 

(%) 

(JI.MOL./l.) 

PL. pH 

iig) 


(operation—just 
over on back- 
breathing O.) 


87.52 

100.0 

100.0 

100.0 

94.15 

94.00 

85.00 

100.0 



b.b.b. 

(meq.A) 
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Tabu: II. Setex lAjmaTouiE.'i (Ixtiiatiuciieal ETiiEi:-O.XT(iE.\-) 


r An EXT 

niAONOHIB 

TIME 

AFTEn 

POSITION* 

("HOI’RR) 

TIMH 

PLEX’ltA 

OPUN' 

Oa 

8ATDI1\- 

TfON' 

(^) 





Wn 

Ca 

:0 

:0 

O.I^S 



.38 

41) 



:10 

:ft 

KMI.O 

KnfnnH 


03 

40 



1:hI) 

1:15 

PIMO 
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44 

Si? JInmnrtonm 

:() 

:il 

P7.P5 



35 

45 




:0(; 

P7«S1 



55 

40 



1 ;n.> 

1:11) 

100.0 



01.5 

44 

Jhj 

TIk- 

:0 

:» 

p:t.41i 


mgsM 

30.5 

40.8 



■JrllO 

::i.> 

100.0 



02 

45.5 

Ma 

Tlw 

:0 

:() 

Pl.Ol 


MM 





1:3(1 

1 :«5 

S7.flP 

■SHRiH 


■s 




a:-!.') 

a:i»o 

00.55 



mm 


l^e J?ronrljioctn* 

:0 

:0 

SP.7H 

I’N.OO 

7,40 

39.5 

51 



1 

1 :i)r> 

03.7.1 

3:i.75 

7.2.3 

75 

40 


ilfutlorovro* 

:() 

:0 

04 00 

24.0S 

7.47 

32 

47.5 



1:1*5 

1:15 

100.0 

23.27 

7.27 

48 

41 

Bn Cv^tif 

:0 

;n 

M7.71* 

2AS.ni 

7.41) 

44 

50 

Bronrlilwtft- 

1:;50 

1 :ll» 

100.0 

no^*.*! 

G.PG 

170 

4.3 











■samples withdrawn during iincstliesin ns compared with tlic control sample. In 
all hut 7 of the 08 observations made during anesthesia, the arterial oxygen 
satnrntion wms within normal limit.s. 

2. All pneumonectomies (G ea.ses) and lohectomics (7 eases) showed thi.s 
disturhance in acid-base halancc. No significant differences were cridont between 
the two groups. The gwatest fall in pll encountered in each patient amounted 
to .11 and .39 units, except in one patient on whom a pneumonectomy was 
performed. This patient, a 50-.vear-old man (Bu) wiiosc blood showed a fall 
in pH of O.ao units, had had .severe bleeding from the pulmonary arterj’ just 
before the .sample was taken. It is of interest that ns long a.s 24 hours after the 
operation the ])II was still 7.25. It had returned to normal on the third post¬ 
operative day. 

The rise in arterial pCOj in the two groups under consideration amounted 
to 6 to 35.5 mm. Hg, except in Bu whose carbon dioxide tension mounted to 170 
mm. Hg. 


Tabu: III. Three EsoruAOECTomES (lATUATiiArnEAi. ETUER-OivnEN) 
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7.42 
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08 

49 

Du 
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:» 
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7.40 

44 

60 
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88.81 
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44 

53 
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27.58 
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52 

47 
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2:.30 
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20,74 

7.28 

54 
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Table HU Thirteen Thoracobl-vsties (Intratracheal Ether-Oxygen) 


PATIENT 

STAGE 

TIME 
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POSITION 

(hours) 

0, 

satura¬ 

tion 

(%) 

PL. COj 
(M.MOL./L) 

PL. pii 
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(mm. 

HG) 

B.B.B. 

(MEQ./L) 

Ge 

1st (3 ribs) 


0 
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24.49 
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38 

40 
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00 
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22.45 
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— 

Ma 

2nd (3 ribs) 


0 
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7.42 

42.5 
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— 

— 

7.37 

— 

— 

Ge 
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Be 
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0 
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1:00 
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Table V. Eight Kidney Operations (Mask Ether-Oxygen, Closed) 


PATIENT 

OPERATION 

DIAGNOSIS 

TIME 

AFTER 

POSITION 

(hours) 

0, 

SATURA¬ 

TION 
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PL. COj 
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Su 
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57 
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47 

Br 

Pyelolith- 
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0 
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Ti 

Right neph- 
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Table VI. Eleven Operations on Back (Intratracheal Etber-Oitoen) 


PATIE.VT 

OPEIUTIOX 
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Consistent evidence of the presence of a inodernte degree of metabolic 
acidosis was found in tlie fact that tlie whole blood buffer base in all cases 
decreased to a maximum of 1 to 13 meq. per liter. 

In those cases in which more than one blood sample was examined during 
anesthesia the changes in pH and pCO; were not alwa.vs found to bo progressive. 

3. In three esophagectomies tliere was a maximal fall in pH of .05 to .21 
units accompanied by a rise in pCOj of only 4 to 10 mm. Hg. These cases wore 
under anestliesia for 2 to 4 hours, but bettor ventilation was maintained in them 
than in the lung resection cases. 

4. The thoracoplasties (13 cases) and kidney operations (8 cases) can be 
considered together, ns similar responses were encountered in the two groups. 
The arterial pH in these extrapleural procedures, carried out in the lateral 
position, fell to .01 to .17 units below the control observations. The arterial 
pCOi rose 1 to 19.6 mm. Hg in all but six instances in which a slight fall was 
observed. The blood buffer base fell 0 to 5 meq. per liter. 

6. The blood findings were followed in 11 cases on whom general surgical 
procedures lasting from 40 minutes to 3 hours were performed. In 10 patients 
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the pH reached a level of .08 to .22 units below its control value; pCO. in¬ 
creased to 3 to 23 mm. Hg in excess of the preanesthesia level. One patient, a 
53-year-old man with peptic ulcer, underwent a subtotal gastric resection in the 
course of which the pH fell to 7.05 and the pCOz mounted to 108 mm. Hg. 
This was the only observation made on this patient during anesthesia. The 
abnormalities were associated with a fall in sj^stemic blood pressure. 

The blood buffer base fell to 1 to 5 meq. per liter below its control value. 

DISCUSSION AND CONCLUSIONS 

The nature of the fixed acids which must have been released into the blood 
stream in each case of ether-oxygen anesthesia remains to be determined. The 
amounts of these acids were not greatl}’^ different in intrapleural procedures 
(average 4.7 meq. per liter) and in the remaining three groups of operations 
(average 3.0 meq. per liter). A consistent, though smaller, metabolic acidosis 
was also found by Beecher^ in nonintrapleural procedures. On the other hand, 
Ins pneumonectomies and lobectomies showed nearlj’- twice the degree of fixed 
acid accumulation found by us. 

A degree of respiratoiy acidosis, as indicated by rising arterial COj tension 
and falling pH, was present in most patients of each of the six groups. This was 
much more marked in the pneumonectomies and lobectomies. The most probable 
chain of events leading to the excessive increase in CO 2 tension of the alveolar 
air, and therefore of the arterial blood, is the following: 

The respiratory center is primarily depressed by ether. This results in 
diminished alveolar ventilation with associated accumulation of CO 2 . Far from 
having a stimulating effect upon the respiratoiy center, this increase in alveolar, 
and therefore arterial, PCO 2 further depresses a center already narcotized by 
ether. More impainnent of ventilation follows; a vdcious circle is thus set up 
leading to progi’essive accumulation of CO 2 in the alveolar air. That this cham 
of events does occur is confirmed by the observation that in none of the patients 
was an increase in ventilation observed durmg the course of anesthesia; on the 
contrary, the volume of ventilation seemed to be diminished in most stances. 

It is therefore imperative that ventilation be coniinuoxisly aided by 
extraneous means. This can consist of gentle and rhydhmic manual kneading 
of the anesthesia bag or by any mechanical devdce which renders the same serwce. 
Failure to do this Avill be more haiinful in puhnonarj’’ procedures than in extra¬ 
pleural ones. The deflated state of the exposed lung, with maintenance of some 
blood flow through it, leads per se to accumulation of CO 2 in the arterial blood. 
However, it should be clear that keeping the lungs inflated is in itself not enough 
to permit adequate gas exchange. 

The fact that in a number of patients some improvement in acid-base 
balance was observed as the operation progressed must be due to more effective 
kneading of the anesthesia bag, thereby leading to a temporary faU in alveolar 
PCO2. 

As the gas mixture administered contained more than 90 per cent oxj^gen- 
deficiency in arterial oxygen saturation should not be anticipated, even thoug 
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alveolar ventilation is inadequate. It must be emphasized that no cyanosis is 
therefore expected under those conditions. 

Brief mention should be made of other possible mechanisms leading to CO- 
accumulation. The intratracheal catheter itself docs not increase the dead space. 
In the absence of extraneous assistance to ventilation the “ pendcUuft ’' (air 
moving from the operated lung into the healthy one and ^dee versa) might result 
in an increase of ph}*siologic dead space, but this effect is probably small. The 
lateral position in which the patient is placed in all intrapleural operations 
studied in this scries bos been suspected by Bcechcr of leading to respiratory 
acidosis.* Comparison of our results in thoracoplasties and kidney operations 
with those in operative procedures carried out \vith the patient in the supine 
position, fails to substantiate this possibility. 
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CONTINUOUS SPINAL ANESTHESIA FOR THORACOPLASTY 

Second Report 

George WiLLAtrER, M.D., John J. Gartland, Jr., M.D., and 
John J. DeTuerk, M.D. 

Philadelphia, Pa. 

I N 1947, one of us (G. W.),' reported a series of 300 thoracoplastic operations 
performed under continuous spinal anesthesia. These cases were operated 
upon from Febiaiary, 1941, to December, 1944. In the ensuing four-year 
period, the same anesthesia was used for all thoracoplasty operations. In 
^’iew of the fact that it has continued to be satisfactory for both patient and 
surgeon, we believe it warrants another report. 

Induction of continuous spinal anesthesia was attempted in 574 thoraco¬ 
plasty operations during the four-year period ending December, 1948. These 
operations were done on 219 patients suffering from pulmonary tuberculosis. 
There were 115, or 52 per cent, male patients and 104, or 48 per cent, female 
patients, ranging in age from 17 to 60 years, wdth more than 60 per cent being 
under 40 years of age. 

As an aid to comparative study, the cases have been dhdded into three 
groups: (1) unilateral pulmouaiy tuberculosis, 195 eases; (2) bilateral pul¬ 
monary tuberculosis, 237 cases; and, (3) bilateral pulmonaiy tuberculosis wth 
contralateral pneumothorax, 142 cases. In addition to a stage of thoraco¬ 
plasty, 87 patients had a Semb extrafascial apicolysis performed. 


TECHNIQUE 

The teclmique, as described in tlie first report, has reninined essentially the same ami 
only the salient steps will be repeated. 

The patient is placed on the table in the position to be maintained during operation 
and should be moved as little as possible. Ephedrine sulfate, % grain, is given hypodermicaUj' 
and a skin wheal is raised in the lumbar region over the widest palpable interspace. A No. 15 
gauge malleable spinal needle is used. If a free flow of spinal fluid is not obtaind, or if 
fluid is bloody, a second puncture is made at another interspace. If either of these conditions 
still prevails, the operation is postponed. A free flow of clear spinal fluid is absolutely essen¬ 
tial. Twenty cubic centimeters of spinal fluid is slowly withdrawn and is used to dissolve 
500 mg. of procaine—2% per cent solution. The needle is bent to the desired position and 
connected with the flexible rubber tubing. The tubing is then fixed to the patient’s skin with 
adhesive tape. The operating table is lowered 10 to 15° at the head. 

An initial dose of 100 mg. is administered and subsequent 50 mg. doses of procaine are 
given at two-minute intervals until the desired level of anesthesia is reached. It is rarely 
necessary in a first-stage thoracoplasty to give more procaine after the level of anesthesia 
has reached the mid-portion of the scapula. 'While tlie patient is prepared and draped, t e 
anesthesia level will rise to the angle of the jaw. After closure of the muscle layers, t e 
stopcock on the tubing is opened and spinal fluid withdrawn in the amount given as an an 
esthetic solution. This hastens the return of motor and sensory functions so that by 
time the skin incision is closed and dressings are applied, our patient is able to more 
lower extremities and has return of tone to the abdominal muscles. The spinal needle is ^ 

Erom the Barton Memorial. Division ol the Jeflerson Medical CoUcec Hospital. P 
adelphla, and the Eagleville Sanatorium, Eaglevllle, Pa. 
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withdrawn tintll tho level of sensation is tit the lower tingle of the scapula find the abdominal 
muscle tone or the ability to move tho lower oxtrcmltics is present. 

Tho thoracoplasty patient, who has boon nncsthetiiod nith continuous spinal anesthesia 
and has this degree of rctnm of function, does not go into shock, remains coopomtire, and is 
able to cough up secretions without di/Bculty. Tho postoperative nursing care, which is 
very difllcult to obtain in snnatoriums, is greatly siropllfieil. 

Oxygen Is given by nmsk to all patients ns soon as the operation is begun and whole 
blood is transfused during this proce<luro ns in any other major operation. 

DOSAOE 

Tho initial dose is usually 100 mg. of procaine and is followed with supplemental doses 
of &0 mg. at two* to three-minuto intervals until the desired level is reached (tho angle of the 
jaw for a flrst-stago thoracoplasty). Occnslonnlly, subsequent doses must be given during the 
ojwmtion to maintain tlio desired level of anesthesia. The total dosage in this series has 
varied from 150 mg. to 2,200 mg. of procaine. However, 65 per cent of the stages have been 
dono with a total dosage of procaine ranging from 150 mg. to 500 mg. 

A 2% per cent solution of procaine bos proved to i)e tho most satisfactory from the 
standpoint of a reasonably prompt indnetion os well as the matter of safety. Tho safety 
factors mean tho observation of at least a (wo-minufc interval Itcfore administering nn ad* 
ditional amount of drug. In this series, 6 cases, or 0.8 per cent, had respiratory distress 
which could be attributed, nt least In part, to the anesthetic. All responded promptly to 
withdrawal of tho drug, positive pressure oxygen, and artificial respiration to aid the re- 
moral of tlio carbon dioxide. 

EFFECT ON PULSE, BLOOD PRESSUBE, AND RESPIRATION 

An nimlj’sis of the statistics sumoriied in Table I reveals no appreciable 
difference in tho offeet of spinal procaine on the pulse rate, blood pressure, or 
respiration of the three grou])s of patients studied. A diminution in pnlse 
rate averaging 14 jicr minute was sho\ni by 13.8 per cent of cases in Group 
1 at tho conclusion of operation. In Group 2, IG per cent showed a fall averag¬ 
ing 17 per minute and 12 per cent of cases in Group 3 showed a fall averaging 
19 per miirate. A rise in pnlse rate nvernging 19 per minute was shown l)y 
14.1 per cent in Group 1. In Group 2, 17.6 per cent of cases showed a rise 
averaging 19 per minute and 9VG per cent of the cases in Group 3 showed a 
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rise averaging 18 per mimite. No change in pnlse rate was recorded in 4.3 per 
cent of cases in Group 1, 5 per cent of Group 2, and 1,6 per cent of Group 3. 
There was incomplete data in 9 cases. 

Complete records pertaining to blood pressure were available in 133 cases 
of Group 1, 1T3 cases of Group 2, and 103 cases of Group 3. A decrease ni 
blood pressure was shoma by 19.8 per cent of these cases in Group 1 at the 
conclusion of operation. In Group 2, 26i/^ per cent showed a fall and in 
Group 3, 15.1 per cent showed a fall. A rise in blood pressure was noted in 1.9 
per cent of these cases in Group 1. In Group 2, 2.4 per cent and in Group 3, 
1.9 per cent showed a rise in l)lood pressure at the conclusion of operation. No 
change in blood pressure was recorded in 1.4 per cent of cases in Group 1,1.2 
per cent of Group 2, and 0.8 per cent of Group 3. 

Thirteen patients, or 2.2 per cent, went into a shocklike state during con- 
tinous spinal anesthesia. The degree of shock was determined entirely by a 
markedly diminished blood pressure and an elevated pulse. However, the 
skin remained warm and dry in every instance. All responded promptly to 
jvithdrawal of the drug and transfusion of whole blood. 

Complete data pertaining to respiration were recorded in 156 eases of 
Group 1. 196 cases of Group 2, and 130 eases of Group 3. A fall in respiration 
averaging 5 per minute was noted in 3.1 per cent of these cases in Group 1 
In Group 2, 4.2 per cent showed a fall averaging 4 per minute and 1.4 per 
cent of eases of Group 3 showed a fall averaging 4 per minute. A rise in 
respiratory rate averaging 6 per minute was noted in 19.2 per cent of cases in 
Group 1. In Group 2, 23.4 per cent showed a rise averaging 7 per minute and 
16.7 per cent of eases in Group 3 shoAved a rise averaging 8 per minute. No 
change in respiratory rate was noted in 4.8 per cent of cases in Group 1, 6.6 
per cent of Group 2, and 4.5 per cent of Group 3. 

COMPLICATIONS 

There was no appreciable difference in the incidence of complications m 
the three groups of patients studied. Duilng the operative procedure, 18 per 
cent of the patients complained of nausea and 2 per cent of vomiting or retch¬ 
ing. All but 3 patients, or 0.5 per cent, were immediately relieved by ivith- 
drawal of spinal fluid usually 2 to 4 c.c. in amount. 

In the prerious report,^ 4% per cent of onr patients complained of nausea 
and 13 per cent had Ammiting. "We believe the reversal of figures can probably 
be attributed to the fact that Ave noAV recognize the symptoms earlier and also 
to the use of a more dilute solution. 

Postopei’athm headache occurred in 32 eases or 5.7 per cent. In Rou® 
of these Avas the headache seA^ere and in only one Avas it pei’sistent, lasting for 
one week. Postauesthetic ni'inaiy retention, though of short duration, oc 
curi'ed in 2 patients, requiring catheterization. 

Two patients developed a myeloradiculitis postoperatively. The fii’st 
tieut had a lOAVer motor neurone paralysis on the right side Arith a level at t e 
ninth thoracic dermatomere. She shoAved gradual improvement during tbe 
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postoperative courae but on n follow-up visit one year later, there was still 
evidence of a partial paralysis of the right leg. The second patient showed 
endence of a complete transverse lesion of the spinal cord at the level of the 
tivcifth thoracic dcrmntomerc. This occurred approximately twentj^-four 
hours postoperative!}’. There was some improvement during the immediate 
po.sfopcrative period as eA’idcnewl by a return of sensation in the first, second, 
and third lumbar dermatomeres. One month follov’ing operation, this patient 
died of a pulmonary embolus. 

In the precctling case, the paralysis oceun ed following the third stage of 
thoracoplasty under continuous spinal anesthesia and the operative procedure 
in each instance, ns well as the anesthetic, was uneventful. The patient was 
able to move the lower extremities at the conclusion of each stage. The time 
interval hetween stages was three weeks. At the first stage, 750 mg. of 
procaine were used, at tlie second, 450 nig. and at the third, 900 mg. of procaine 
had been administered. Tin's is an unusually large dose for a third-stage op¬ 
eration and there is no reason given in the record explaining this fact nor is 
there any time chart showing the intervals. It was noted that no bloody fluid 
was obtained. The free flow, however, rvas intermittent and lack of a constant 
free flow is an absolute contraindication to the administration of any spinal 
anesthetic. CWo wore subsequently informed that the patient had been under 
treatment for some years for syphilis, but this was not noted on the hospital 
record. "Whether or not the s.vphilitic infection played a part in eansing the 
myeloradiculitis is debatable.) 

In 24 cases it was ncccssai'y to discontinue the operation because of diffi¬ 
culty with the induction of the anesthetic or unsatisfactoty’ condition of the 
patient. These cases are listed as failures of this particular type of anesthesia, 
although, in some instances, other factors prerailed. These failures are 
briefly summarized in the following paragraphs. 

Case 1.—Unilateml pultnonnrj' tobcreulosiB. Free flow of Bpiual floid could not be ob¬ 
tained. Sntisfoctory level wqji not obtained after 700 mg. of procaine bad been given. (No 
<lnig should hare been giren. Error in technique and judgment) 

Cabe 2.—^Unilateml pulmonary tubercaloaia. Operation canceled because of bloody 
spinal tap. (Error in technique.) 

Cabe 3.—Unilatoral pnlmonnrj* tuberculosis. Four taps were mode but free lloiv of 
spinal fluid could not bo obtained. (Error in technique.) 

Case 4.—Unilateral pulmonary tuberculosis. Spinal fluid bloody; 500 mg. of procaino 
given but no anesthesia obtained. (Error in technique and judgment.) 

Cabe 5 .—Unilateral pulmonary tuberculosis. Throe taps made but bloody fluid ob¬ 
tained each time. (Error in toclmlque.) 

Case 0.—Bilatcml pulmonary tubcrcnlorfs. Satisfactory level was not obtained after 
480 mg, of procaine had been given. (No record as to free flow. Error in teclinlque and 
jadgmenL) 

Case 7.—Bilateral pulmonary tuberculosis. Patient's blood pressure fell to 55/45 after 
1<6 mg. of procaine had been given. (Patient in very poor general condition. Error in judg¬ 
ment.) 
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Case S.—^Bilateral piilmonary tuberculosis. Patient received 900 mg. of procaine in 
first thirty minutes in order to obtain satisfactory level. Bespirations became shallow and 
difdcult. Pulse rose to 140 and blood pressure dropped to 60/50. (Excessive dosage in a 
short interval. Error in judgment.) 

Case 9.—Bilateral pulmonary tuberculosis. Satisfactory level could not be obtained. 
Later it was discovered that the patient received just a fraction of the dose it was thought 
ho received, as new tubing contained 6 c.c. instead of the usual 2 c.c. (Error in technique.) 

Case 10.—Bilateral pulmonary tuberculosis. Patient had pain in left groin, leg, and 
foot following tap. No free flow of spinal fluid obtained. Satisfactory level not obtained 
after 300 mg. of procaine had been given. (This patient fortunately did not develop a myelo¬ 
radiculitis. Error in technique and judgment.) 

Case 11.—Bilateral pulmonary tuberculosis. Marked paradoxical breathing developed 
after segment of rib removed and operation was discontinued. (No apparent error in tech¬ 
nique or judgment.) 

Case 12.—Bilateral pulmonary tuberculosis. Pulse rose to 180, fifteen minutes after 
150 mg. of piocaine were given. Tachycardia persisted despite all ctTort to overcome it and 
surgery, therefore, was canceled. (Patient’s pulse rate was T40 at the time of the induction 
of tho anesthetic. Grave error in judgment.) 

Case 1.3.—Same patient as preceding one. Pulse rose to 192 after anesthetic was Ite- 
gun. Supplfmental sodium pentothal analgesia was induced but tachycardia persisted, and 
operation was canceled. (Error in judgment repeated.) 


Case 14.—Bilateral pulmonary tuberculosis. After 150 mg. of procaine had been given, 
pulse rose to 160 and blood pressure dropped to 80/05. Operation canceled. Patient promptly 
responded to withdrawal of drug, oxygen, and transfusion of whole blood. (Very poor risk. 
Error in judgment.) 

C.VSE 15.—Bilateral pulmonary tuberculosis. Operation canceled because of bloody 
spinal taps. (Error in technique.) 

Case 16.—Bilateral pulmonary tuberculosis. After 250 mg. of procaine had been given 
and before surgery started pulse rose to 150 and respiratory rate to 36. Patient responded 
to transfusion of blood and withdrawal of drug. Operation canceled. (No note as to free 
flow. Error in technique and judgment.) 


Case 17.—Same patient as preceding one. Induction of anesthesia with a pulse rate o 
120. After 200 mg. of procaine had been given and the skin and muscles had been incis , 
the pulse rate rose to 170 and blood pressure was recorded as 90/60. Operation immediate y 


discontinued. (Error in judgment repeated.) 


Case 18. —^Bilateral 
and before surgery was 


pulmonary tuberculosis. After 100 mg. of procaine had been given 
begun, the pulse rose to 165 and blood pressure dropped to 80/ 


Operation immediately canceled. (No error in technique or judgment.) 

Case 19.—^BOateral pulmonary tuberculosis with contralateral pneumothorax. Patien 
had respiratory arrest following mobilization of scapula. Prompt recovery with 
artificial respiration, and withdrawal of spinal fluid. (A total of 500 mg. of procaine 
been gjven. However, vnthout checking the anesthetic level again, supplementary doses we 
given after the desired level had been reached. Error in judgment.) 

Case 20.—^Bilateral pulmonary tuberculosis witli contralateral pneumothorax. 
pressure dropped to 30 systolic after 400 mg. of procaine had been given. Prompt 
with transfusion of whole blood, withdrawal of drug, and administration of oxygen un 
pressure. (Patient had an overdosage in a short time interval. Error in judgment) 

Case 21.—^Bilateral pulmonary tuberculosis vvith contralateral pneumothorax. ^ 
skin and muscle layers were incised, the pulse rate rose to 120 and blood pressure droppe 
to 80/60. Operation discontinued. (Error in judgment.) 
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Case 22.—Bllateml pulmonary tuberculosia ^Ith contnUateml pneuraothorux. Patient 
had no anesthesia after 050 mg. of procaine lind been given, nlthoogh a good flour was pres¬ 
ent. Patient bocamo very nervous and apprehensive and operation was canceled. (Very nn- 
coopemtlve. This case should never have l>cen tried. Error in judgment.) 

Ca 8B 25.—Bilateral pulmonary toUorcuIosin nrlth contnUateml pneumothorax. It n-as 
impossible to get the anesthetic level above the eighth interspace. Operation completed un¬ 
der local anesthesia. (No note of free flow. Patient had a total dosage of 725 mg. of 
procaine. Error in technique and judgment.) 

Case 24.—Bilateral pulmonary tu)>ercD)osis with contralateral pncumothorni. After 
160 mg. of procaine had been given ond before surgerj* stnrte^l, pulse rate rose to ICO. Opera¬ 
tion deferred. (No error.) 

In summanEing the 24 failures, we note that 21, or 87^ per cent, are due 
to errors in technique or judgment or both nml in only 3 cases could no error 
be detected. A large percentage of these failures occurre<I in the hands of the 
Junior Residents; hence, tve ^nsh to point out that improvement in skill 
and judgment, failurc.s \vi\\ be minunnl. 

SUTPLEilENTARy ANESTIIESLV 

In this series it ■was nceessarj' to use one or more supplementar}' anesthetic 
agents in 28 cases. These agents ore Hstwl in Table II. 

Table II 

CASES 


or ivt prcH^ne by local infUtratioa UT 

Nitrous oxide 2 

Local induration and sodium pentothal 2 

Cyclopropnno 3 

C^lopropane and paravertebral block 1 

Nitrous oxide and ether 1 


The percentage of operations thus requiring supplemental anesthesia was 
4.8: the cffcctivcncs.s of continuou.s spinal anesthesia in this scries being 95.2 
per cent. When the 24 cases which were discontinued ore added to this group, 
the total effectiveness of the continuous spinal anesthetic method is 91.2 per 
cent. 

ilORTAUTV’ 

There were 2 deaths in tJie operating room in this series which arc briefly 
described in the following paragraphs. 

The first patient was a 36-year-old w'oman with bilateral, far-advanced 
pulmonary tuberculosis with pneumothorax on the left side. Thoracoplasty 
was attempted on the right side. The anesthetic was administered without 
incident and the patient received 390 mg. of procaine during the one and one- 
half-hour operative procedure. The only ill effect noted was rather severe 
nausea, which was relieved by withdraAval of spinal fluid. During the opera¬ 
tion, a traumatic pneumothorax was induced by a tear in the pleura. The 
intrapulmonic pressure was increased but the lung could not be completely 
re-expanded. The defect Avas then closed and air Avas aspirated, thus estab¬ 
lishing a good negath'e pressure but the disturbed pulmonarj' function in 
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this seriously ill patient could not he restored. The respirations became in¬ 
creasingly more shallow and finally ceased. No drug was withdraivn. 

The second patient was a 28-year-old man Avith bilateral, advanced pul¬ 
monary tuberculosis with pneumothorax on the right and cavitation on the 
left side. The anesthetic was administered Avith difficulty. The patient re- 
cehmd 550 mg. of procaine in thirty-four minutes. Severe paradoxical motion 
AAuth poor pulmonaiy Amntilation dcAmloped after portions of the second and 
third ribs Avere resected. The operation Avas immediately discontinued. With- 
draAval of drug Avas begun, tracheal intubation Avas also done, and artificial 
respiration administered. The aii'Avay Avas clear and in spite of artificial res¬ 
piration, cyanosis increased, respirations became more shalloAV and then 
ceased. 

Both of these patients Avere Amry poor risks Avith reduced pulmonary 
function as a result of the extent of the disease on the operative side as AveU 
as the reduced function in the contralateral lung due to artificial pneumo¬ 
thorax. Both deaths should be classified as due to errors in technique and 
judgment. Both of these anesthetics Avere administered by Junior Eesidents, 


ANALYSIS OF HEADACHES 

The cause and management of postspinal headache have been a subject of 
much thought and investigation for many yeai’S.*’ * The dosage of the on- 
esthetic agent is thought to play no paid in its production.® Such headache 
has been ascribed a minority to increased intracranial pressure and by a 
majority to decreased intracranial pressure.® Some claim that faulty tech¬ 
nique and the size of the needle are contributory factors. 

As previously stated, 32 patients, or 5.7 per cent, developed postspino^ 
headaches in this series. This is not a large number of patients nor should it 
mitigate in any Avay against the use of this type of anesthesia. "Watson 
quoted "Waters as analyzing 40,000 cases of cyclopropane anesthesia and fin 
ing the incidence of postanesthetic headache to be 10 per cent. 

A No. 19 gauge malleable spinal needle is used and is kept in situ frow 
one to three houi's. Our patients are immediately returned to bed follovnUo 
surgery and instmeted to lie flat for six to eight hours. 

In 29, or 90 per cent, of the patients Avith headache, the technique a' as 
excellent in that a single tap Avas made and a free floAv of clear spinal ui 
Avas obtained. In 3 cases, multiple punctures Avere necessary before the an 
esthetic could be started. Thus, it Avould seem that in this series faulty tec ^ 
nique did not play much of a role in the production of headache. Spina 
fluid pressures Avere recorded in 25 of the 32 cases of headache. In 5 case^ 
or 20 per cent, the spinal fluid pressiu'es recorded at the end of the 
were increased above normal. In 8 cases, or 32 per cent, the final spinal 
pressures Avere decreased beloAv normal and in 12 cases, or 48 per cent, 
final spinal fluid pressures Avere vAuthin the normal range. Faulty tecnniq 
the amount of drug used, and the change in spinal fluid pressure, 
seem to bear no significant relation to the incidence of postspinal anes i 
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hcndnche. The one common fnctoi- ivns the state of apprehension and anxiety 
daring the preoperativc period. 


ADVAXTAOES 

The advantages of continuous spinal anesthesia for thoracoplasty are those 
of an anesthetic method that affords the patient maximum safety and comfort 
during the operation and minimal discomfort postoperatirely. These patients 
are quiet, relaxed, and have even, steady respiratory excursions during the op¬ 
erative procedure. Anoxia, c.vanosis. and paradoxical motion of the lung is at 
a minimum since the respiratorj- rescirc of these chronically ill patients is not 
compromised by the added bnrden of an inhalation anesthesia. Ou return 
from the operating room, the patient is alert, can move about in bed, and is 
able to cough up secretions. Return to a full diet occurs usually the next day 
and is much more rapid than following a general anesthetic. There have been 
no postoperative pulmonary complications related to the anesthetic in any 
way in this series. The complete absence of the distressing postanesthetic 
prostration seen so frequently irith inhalation anesthesia aids immeasurably 
in the prompt imeventful operative recovery of these patients. 

CONCLUSIONS 

1. Continuous spinal is the anesthetic method of choice for extrapleural 
thoracic procedures from the standpoint of patient safety and better surgical 
performance. 

2. The technique is easily mastered and the effort expended is rewarded 
by a prompt operative recovery and a smoother postoperative course. 

3. The complications occurring with this method are fewer than following 
inhalation anesthesia. They can bo overcome in a great majority of oases by 
intelligent and skillful management. 

4. Postoperative nui'sing requirements are reduced to a minimum. 
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ACANTHOSIS NIGRICiVNS ASSOCIATED WITH CANCER OF 

THE LUNG 

Report of a Case 

Paul W. Spear, M.D. 

Brooklyn, N. Y. 

T he association between acanthosis nigricans and visceral carcinoma is too 
well known to require repetition. However, the rai'e occurrence of in¬ 
volvement of the respiratory tract by the malignant process seems sufficient 
reason to warrant reporting a case. Curth,’ in 1943, reviewed the literature 
very thoroughly and found 384 reported cases of acanthosis nigricans of which 
191 were associated with cancer of an internal organ and 193 were of the so- 
called benign t^TJe in w'hich only the skin lesion was present. In the former 
group she found three cases of cancer of the lung and of these only two were 
proved by post-mortem examination. Of the 191 cases associated wth cancer, 
the tumor was abdominal in 92.67 per cent while the breast was the site of the 
malignancy in 4.7 per cent. In one case mediastinal cancer was suspected 
but not proved. Cxu’th’s review gives a very complete bibliography of the 
literature up to 1943. Since that date there have been no additional cases 
reported of cancer of the lung in association with acanthosis nigricans. 


case report 

II. D., a 50 year-old white man, was admitted to the Veterans Administration Hospital, 
Manhattan Beach, April 8, 19-48, complaining of cough and expectoration and shortness o 
breath of four weeks’ duration. Ho liad a chronic cough during tlie past eighteen years and, 
during November, 1945, had had lobar pneumonia from which he never made a complete 
covery. In March, 1948, he developed sharp pain across the anterior portion of the midc e., 
shortness of breath on exertion, increase in cough, especially at night. He developed a 
grade fever and was said to have fluid in the chest. Since February, 1948, he had noted ^ 
the skin in the axillae, nipples, and around the base of the neck had become increasingly 
There had been a loss of forty pounds since February, 1948. 

The family history was noncontributory. There were nine siblings, none of whom v' 
kno^vn to have had skin changes or malignant disease. His father died of artenosc e 
heart disease. His mother was living and well. ,. , jjj 

The past history revealed he had a skin lesion on the right side of the face ^ 
received injections of “gold and liver” in 1943. The nature of this lesion was not 
Physical Examination .—On admission, temperature was 101.4° F., the pulse 
respirations 28, and the blood pressure 92/60. He was a well-developed and moderate y 
ished white man appearing chronically ill and in mild respiratory distress. Surroun 

From the Medical Service, Veterans Administration Hospital, Manhattan Chief 
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IHp. 1 .—Right lunr show'jnp i)rlnmr>’ tumor ma** an<t icconilarj' lunitrution. 


Laljoratory Findings .—Tlio licmo^Iohin wnR ]3J» Qm., the rod blood cell connt 4,400,000, 
the white blood coll count 13,500, 83 per cent neutrophUe, 12 per cent lymphocytes, 4 per cent 
monocytes, 1 per cent eosinophils, scdiiuentntion mto 28 (Wiiitrol>e) ; urinalysis negntl\-e; Kahn 
negative, Bputnin nns examine*! repeatedly' for tnliercle iMicilli nnd none ^rore found, Bloo*! 
culture vfHB negative, X-my exnniinntion of tlie chest showed n tldck-uTilled abscess, prolKibly 
carcinomatous, at the apex of the right lower lolje. There was some pneumonic infiltration of 
the left lower long and bilnterul pleuritic inflltmtion adjacent to the left diaphragm, Eloctro- 
cardiognim showed auricular fibrillation on one occasion and normal sinus rhythm on another 
there were evidences of niyoenrdinl damngo ns well. 
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Fig. 3.—^Low-power section (X80) ot lung showing Invasion by tumor tissue. 
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Course in Hospital .—During the period of honpitalimtion, he ran n septic tempemture, 
ranffinj; betn-cen 99* and 103* F. 3Io reeived pcnleniiu 'witliout effect. Bronchcscopj' was 
done in nn attempt to find the site of the tumor, but only largo quantities of thick tenacious 
sputum were seen in the right bronchus. Dyspnea iKjcnmc progressively worse and in spite of 
supportive thompy, he dio<l on April 20, 19-18. 

Post-mortem Examination ,—Autopsy was performed* and the examination revealed 
fihrous adhesions In l>oth plcuml cavities with about 200 c.c. of slightly cloudy amber fluid. 
Tlio porieardlnl sno was obUtemted bj* fibrous ndlieslons. The lower lobe of the right long 
\nifl partially adherent to the pcrlcnnlium, which in turn was mlhercnt to the diaphragm. 
There were discrete, firm, l^Tnph nodes in the superior mediastinum which were creamy white 
In color nnd cliecsy in consistency, iluny of the l>Tnph nodes contnineil nnthracotic pigment. 
Tlio left lung was smnllcr thnn usnnl nnd boggy. On section, it was e<lcmntous and contained 



t.—HiKh'power (X^BO) of same portion of lung showing- anaplastic cancer cells with 
' h>’PorchromaUc nuclei. 


ntelectatie and fibrotio. areas. The hronchiolea were dilated and the walls roughened and 
thickened. The lumen was fllle<l vdtli thick teonclous blood-tingod exudata The right long 
filled tho entire plcnral cavity and weighed 3,600 Gra. and was firm in consistency. On section, 
the upper lobe ^vas firm nnd almost non-air-containing. The outer one-third of the superior 
portion of tho lower Iot>o contained.a more or less circumscril>ed gmyish-whitc, friable, firm 
nuiss, 4 cm. in diameter with a central cavity 1 cm. la diameter wliich was filled with a thick 
GTeeu purulent exudate. No bronchiole could bo traced In this area (Fig. 1). The remaining 
portion of tlie lower lobe was firm; friable, and containeil purulent exudate. Careful dissection 
of the right bronchial tree failed to show any ulceration or tumor. Bronchial lymph nodes aver* 
agod 1 to 2 cm. in diameter and woro firm in consistency. Tlio heart weighed 800 grams. The 
P^cardlxim \ras thickened and measured up to 0.6 cm. In some sections. There was no nn- 
thickening of tho ventricular walls. Tho coronarj* arteries were all patent. The esophu- 

. *By Dr. Lester IL Fox. Chief of Pathological Service at A'eterans Administration Hospital, 
"'nhattan Beach. 
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gus was STirrovmded bj' several 1 cm., fairly firm, Ij-mpli nodes of cheesy consistency. The 
mucosa of the esophagus, stomach, and small and large intestines was free of any nlceration 
or neoplasm. The kidncy.« were normal. 

Microscopic Exaviinaiion .—There was papillary hj-pcrkeratosis of the skin and forma¬ 
tion of epithelial papillae with long, thin, rete pegs. The prickle cell layer was moderately 
thickened. Some of the basal cells contained melanin (Fig. 2). The involved portion of Inng 
showed marked distortion of the architecture, tliickening of the pleura, and invasion by tnmor 
cells. Lung tissue was invaded by masses of these cells which were large, round, polygonal, hy- 
perchromatic, and in some areas, giant celt in type. The nuclei were large, almost filling the 
cell, and having only a small rim of cytoplasm. There was no definite grouping or distinguishing 
features. The interstitial tissue was also invaded by tumor cells following the aforementioned 
pattern. Many of the alveoli were filled with sheets of tumor cells, giving the appearance of a 
pneumonitis. The linings of lynrph vessels were replaced by tumor cells and in many places the 
lumens and walls of the lymphatics were filled with tumor tissue. The adjacent alveoli were 
collapsed and hemorrhagic (Figs. 3 and 4). The lymph nodes showed distortion of architecture 
with complete invasion by hyperchromatic, bizarre-.shaped, large, round, and polygonal cells, 
some of which were multinucleated. In some .sections, the capsule of the gland was thickened 
and much of the tumor tissue was necrotic. There was marked thickening of the visceral 
pericardium with vascularization and fibrosis. Focal areas of round and plasma cells still 
persisted and there were nests of tumor cells, some of which were found in the lymphatics of 
the epicardium. There was no evidence of metastasis to other organs. 

DISCUSSION 

The significance of the association between a skin lesion in itself benign 
and cancer has been discussed recently by Curth," who jiointed out the various 
theories which have been propounded to explain this association. It was long 
thought that pressure from the cancerous lesions in the abdomen on the 
adrenals or the sjnnpathetie chain was responsible for the pigmentaiy cu¬ 
taneous changes. However, the occurrence of the small percentage of cases 
of extra-abdominal malignancy disproves this theory and, where tests for 
adrenal iiLsufficiency have been carried out, they have been uniformly neg¬ 
ative, Genetic relationships between acanthosis and cancer seem to exist.^ A 
study of the case reported here. hoAvever, rcA'eals no familial history of similar 
disease, but the histoiy of collaterals Avas not carefully iuA’estigated and, 
therefore, no real conclusions can be draAvn. 

The possible influence of steroid hormones® on the deA’^elopment of aean 
thosLs has been suggested because of the appearance of the lesion Avith the on¬ 
set of menstruation in at least tAvo members in one family. In our case, no 
such influence Avas suggested either by the history or physical findings. 

"Wliatever the fundamental reasons may be, it seems apparent that there 
must be a close etiological comieetion betAveen the sldn lesion and the viscera 
neoplasm. It is a curious and certainly proAmcative coincidence that a ehaiac- 
teristic and unmistakable external lesion is in 50 per cent of the cases associ 
ated with an internal malignant tumor. Further studies are certainly nee e^ 
to clarify this relationship and, perhaps, to girm an ansAver to the problem o 
Avhat initiates the cancerous groAvth in one group of cases but is lacking m ^ 
other. The internist or dermatologist AA'ho first sees and recognizes acanthosis 
nigricans has a responsibility to solve this pei'plexing riddle. 
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BUJIIIARY 

A case of aeniithosiK iiiprienns occurring in a 50-.venr-old white man in 
association witli anaplastic cnrcinonia of the Inng is reported. This is the 
third proved case of carcinoma of the lung to he reported as ocenrring with 
acanthosis nigricans. The possible etiological faetoi's are briefly discussed. 
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A REPORT OF A CASE OF LOCALIZED BRONCHOPULMONARY 
ASPERGILLOSIS SUCCESSFULLY TREATED BY SURGERY 

Raymond Y^esner, M.D.,* and Alfred Hur\vitz, M.D.t 
NE^Y^NGTON, Conn. 

B ronchopulmonary aspergillosis was first described by Virchow in 
1856. Toward the end of the nineteenth century the disease was reported 
with increased frequency among pigeon feeder's and hair manipulator's in 
France. The organism was present in the grain which the pigeon stuffers 
masticated and then fed directly into the mouths of the birds. In the case of 
the wig makers, corn meal was used to degrease the hair' and the men fre- 
querrtly worked iir arr atmosphere heavy with its dust. It was thus coirsiclerecl 
a primary oecupatioiral disease, which rvas also known to occur among other 
grain handlers, such as threshers and fur cleairei's who use I'ye flour for de¬ 
greasing.’ Chickens, turkeys, arrd other birds commonly acquire the disease 
after contact with moldy feed. 

In the United States several clinical types of pulmonary aspergillosis 
have been described. The mildest form has been characterized by an acute 
tracheobronchitis, which usually runs a benign course.^' ^ Cawley"* and Gerstl 
and associates’' descnbed a severe pneumonic type which resulted in general¬ 
ized aspergillosis and death. Chronic forms have also been described shoudug 
marked resemblance to tuberculosis® or neoplasm. Gei'stl was the firet to re¬ 
port a successful lobectomy for localized bronchopulmonary aspergillosi.s. 
This paper presents a report of the second case which resembled a neoplasm 
[ radiologically and Avhich was successfully extirpated. 

CASE REPORT 

A 35-ycar-old, well-developed, white man was admitted to the hospital on May 2, Dtfl, 
\nth no complaints. Prior to induction into the Army in August, 19-11, he was a salesman 
in. a chicken-feed store. Subsequent to separation in August, 1945, he was actively engaged m 
chicken farming. According to the patient, a “spot” was seen on the x-ray film of his chest 
taken by a mobile unit two weeks before admission. He was referred to a near-by hospi e 
where studies of the sputum for tumor cells and tubercle bacilli were negative. Bronchoscopic 
examination showed a normal tracheobronchial tree. He was then transferred to this hospi • 
Past history revealed that he had had n bout of left lower chest pain with feier an 
nonproductive cough in 1947, two weeks follon-ing a dental extraction. Four months later 
had a severe cold with a hacking cough, productive of a small amount of yellowish sputa® 
with occasional blood-streaking. These symptoms cleared after taking a sulfonamide 
He was well until three months before admisssion when he developed anotlier severe cold w 
the expectoration of a small amount of nonbloody sputum. 

From the A’’eterans Administration Hospital, Newington, Conn., and the Departmen 
Surgery, Yale University School of Medicine. , (jhier 

Reviewed In the Veterans Administration and published with the approval of yjj of 
Medical Director. The statements and conclusions published by the authors are 
thelr own study and do not necessarily reflect the opinion or policy of the Veterans ja 
tlon. 

Received for publication Dec. 29, 1949. fp«sor of 

•Chief of Pathologj-, Veterans Administration Hospital; Assistant Clinical Pro 
Pathologj-, Tale Unlversltj- School of Medicine. /pooor of 

tChlef of Surgery, Veterans Administration Hospital; Assistant Clinical Profess 
Surgerj-, Yale University School of Medicine. 


310 



YESNKR AND HUnWITZ; LOCALIZED BROKCHOPULSIONARY ASPERGILLOSIS 311 


Phy»\cnl cxaTulnatlou rcvtalcnl a woU-nouriBhed pnticnt TN-ho did not appear ill. Tompem- 
turo WQB 98.6* F. and (ho pul^o mto was 84 por minute. Examination of the lungs wns neg¬ 
ative. X-ray films of tho chest revealed an ovoid area of infiltration about 4 cm. in diameter 
in tlio apieftl segment of tlic left lower lol)e. There was a qupstionnblo high light in tlio 
region of this Infiltration (Fig. 1). 

Lnbomtory studies re%'oalcHl that tho rtnl blood eel! count was 4,800,000, hemoglobin 14.5 
Gm., and tho white blood cell count tvns 10,000. Tuberculin intmdcrninl test (PJ.D.) was 
positive in the first strength. A coocidioidin akin test (1:1000) \ms negative. Setliraentation 
rate was 7 mm. per hour (IVintrohc). fiputum culture showed many streptococci, Ilemophila$ 
influenzae, diphtheroids, and staphylococci. Six conccntmtctl spevimens of the gastric juice 
>vero negative for tul>orTulosis and jmthogenlc fungi. 



Fhr. 1.—^Anteroposterior view of tuns: reveals nn ovoid area of Inflltratlon In tlio apical illvlalon 
of the loft lower lobe. 

Cllniml Course.—The putiont remained nsyroptonmtic and afebrile. Bronchoscopy again 
reveoJod a normal tmelu'oiironcliial tree. Tho differential diagnoiiO* were chronic lung abscess, 
toljercnloDia, and circumscribed corcinonia of tho lung. On ilay 26, 1049, under endotracheal 
nnesthesla the pleura was opcneil through tho I>ed of the seventh rib. The lesion in the 
Bplcal segment of the lo\vcr lol>e was rounded and modomtely firm and encroached upon the 
origin of the basilar bronchus. The fissure was developed ^ritli dlflUculty because of namoroua 
niBcahir adJicflions. Tho left lower lolw was removed by the technique of individual ligation 
of the vessels and tho bronchus, A No. 20 catheter was inserted In the eighth interspace and 
the wound was closed in layers with silk. The patient ^vaa discharged on tho ninth post¬ 
operative day after on uneventful rocoverj*. lie was completely asymptomatic when seen 
seven months later. 

I'athology Report .—The specimen consisted of a polmonary left lower lobe, measnring 
iiy 17 by 2% cm. and weighing 210 grams. A few fibrous tags were attached to tho apex. 
The superior portion of the apical segment felt indurated and nodular. At a point 1% cm. 
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from its origin, the apical bronchus opened into an irregular, partially loculated cavity, 
measuring 4 by 2 by 2 V 2 cm. A branch of the apical bronchus also communicated separately 
with the cavity*. The cavity was lined by a pink-tan, opale.scent, smooth, glistening membrane, 
which was very easily separated from tlie cavity wall (Fig. 2). Tlie wall was 2 min. thick 



Fig. 2.—Lung specimen showing two bronchi entering the cavity which is filled nlth a HE 
attached, glistening, opaque aspergillosis membrane. 


and smooth, except for a single, flat, irregular jirojection 1 cm. in diameter, ^ 

of incompletely removed membrane. The parenchyma surrounding the cavity was m u 
On microscopic examination, the wall of the cavity was lined partially* by ■ pseudostni 
ciliated columnar epithelium and partially* by metaplastic squamous epithelium. 
also transitional ulcerated areas and re-epithelialized ulcerations covered by a smg 
of cuboidal cells. Mucous glands, smooth muscle, and cartilaginous plates were fount 
the wall of the cavity which was fibrotie and heavily* infiltrated with plasma cc s, 
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roplingcs, C05inoplillc^, nnd polyniorphonuclcnr lcucot*ytC(«. Tlic :«urrountlJng lung pnronchrmn 
was al«M3 chronlmlly Inflnmcil. Tho Ijmjilioo.ytlc Inflltmtlon uiu* orgnulKsl in jiorae nrctvi* into 
folllr.l«s pome of which contalnoil gcmunnl centem. The lining muerwi of tho enrity wa5 



FIp. I.—Oil Imincfflon photondCTOgraph of niyccllo) mcnjhrano fhown in Fij?. 2. 
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frequently invaded by poljTnorphonuelenr leucocytes. Granulation tissue was everjT\’here 
evident beneath the thickened basement membrane and fresh thrombi were attached to the 
ulcerated foci of the mucosa. Section through the lining membrane revealed a hyaline 
laminated structure, throughout wliich were present the branching mycolia of a fungus, fre¬ 
quently having the appearance of spores on cross-section (Pig. 3). On culture this membrane 
yielded a pure growth of colonies characteristic of aspergillus.* On June 19, 1919, a heavy 
saline suspension of the organisms was injected into tlie ear vein of a rabbit, which died in 
about forty-eight hours. Sections through the rabbit’s lungs revealed marked congestion and 
edema and numerous small granulomas consisting of macroplmges filled with small, round, 
foreign bodies consistent with spores. Some of these granulomas also showed foci of necrosis 
and polymorphonuclear leucocytic infiltration. Numerous fungal raycelin were present 
throughout the sinusoids of the liver, in which there were numerous foci of necrosis and 
thrombosed veins. Fungal mycelia were seen within the thrombi (Fig. 4). The most luxurious 
growth was found in the kidneys where large areas of necrosis occurred in conjunction uith 
the growth and where blood vessels invaded by the fungi ■were also thrombosed. No fungi 
were noted in the spleen. 

COMMENT 

The gross and microscopic picture of tlie lesion, the demonstration of asper¬ 
gillosis in the membrane lining the caAdty, a positive virulence test in an inocu¬ 
lated rabbit, and the failure to demonstrate any other causative agent, are the 
reasons for considering this a case of primary bronchopulmonary aspergillosis. 
In addition, the patient was exposed to moldy feed in his occupation. Pre¬ 
existing bronchiectasis is unlikely because more than one bronchus eiitereQ 
the cavity, as in Deve’s' case, and the lesion was confined to the apical segment 
of the lower lobe, an nnnsnal site for localized bronchiectasis. The possibility 
exists, however, that the aspergillosis was superimposed on a chronic lung 
absce.ss. secondary to the dental extraction of 1947. 

Iodides and thymol have been efficacious in the treatment of the tracheo- 
lu’onehitic and tubercular forms of the disease. Surgical intervention should 
be employed as an effective measure in the treatment of localized bronchopul¬ 
monary aspergillosi.s. 

SUMMARY 

The third case of localized bronchopulmonary asiiergillosis suceessfullj 
treated by surgery has been reported. The patient has shown no clinical oi 
x-ray evidence of recurrence of disease folloAving operation. 
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NEUROFIBKOSAfiCOMA OP THE ANTERIOR iMEDTASTINlTM 

Surgical Rrsiov^vl 

Leu' a. Hocr/DERG, STD., F.A.C.S., E. Harrison* Grifrin, F.A.C.S., and 
Alfred Bicunas, M.D. 

Brooklyn, N. Y. 

I N A compi'olicnsivc review of the litcrnturc on “Mecliastiiinl Tumors ami 
Tliomi)soii* found only two tuiiioi's of neurogenic origin arising in 
the nnterior nicdinslinum. On the hnsis of olisorvntions in 135 niedinstinnl 
neurogenic tumors BIndcs® concluded thnt these tumors nre almost always 
located in the posterior medinstinunL His collected series of cases consisted 
of 70 ganglioneuromas, 24 flhroblnstoninK, 22 neurofibromas, and J9 neu¬ 
rinomas. 

The cose to be presented in this jinper is one of a neurofibroma which had 
undergone sarcomatous changes. It was located in the anterior superior medi¬ 
astinum and was large enough to cnuRc such critical tracheal compression that 
its removal was performed os an cmergonc}* procedure. Because of the rarity 
of this pathologic entity in the anterior mediastinum and the successful end 
result we feel thnt this case is worthy of report. 

CASE REI*OBT 

T. R., n 03-ycar-old gnrdcnor, entered Kings County TTospit-al on Jnn. 4, 1047, with n 
ten-dny history of dj-spnen made worse tliroe lK^fo^e oiljiiiw«ion by an upper rospimtory 
infectloiL Past hijitory was noncontributory. 

On admission to (ho hospital the patient \rti8 aeutelr sick, orthopnelc, dyspneic, and 
cyanotic from tho crown of the liend down to the middle of tlie chest. The snperflcinl Tolns 
in the neck and on the cheat and alnlomcn wen* quito prominent The pupils were dilated tind 
reacted to light and necoraraodntion. Tho right Iol>e of the thyroid appeared enlarged- There 
was fuHnoss In (he suprastcmal notch and deriation of tho tracJicn. to tho right. The an¬ 
terior superior mediastinal region wns ArideaeO to jwreansion for nl>out one inch to cither 
«ido of the stomum. Tho blood pressure io the right arm was 148/98 and 158/90 in tie 
left arm. Tho remainder of the physical cxambrntlon avus essentially negative. 

Radiographic examinations of the chest (Fig. 1) which included kymography and 
l«iritrm sulfato Ingcstlou studies revealed a large onterior superior me<Uastinnl mass which 
extended to botli sides of the raldlino and upward into the neck. Tlie lateral borders of the 
opacity were sharply demarcated from the surrounding tiMues, The edges of the tumor 
were smooth and regular. There Nvas consldemblo displacement of tlie trachea to the right. 
Kymographle studies did not show any pulsations within the mass. Plnoroscopy during 
barium sulfate ingestion showed the esophngua to bo deviated to the right in tho region of 
the tumor. 

On admission to the hospital the patient ^^l8 immediately placed in an oxygen tent His 
condition improved during the next few' days so ns to permit investigutlon of the cause of his 
Illness. Tho improvement, howover, was not long lasting. Jan. 22, 1947, he began to Lave 
fccplratory distress even in the oxygen tent. The following day there wns increased dyspnea 
and cyanosis. It ^ras, therefore, deemed advisable to remove the tumor compressing the 
trachea ns soon os possible. In view of the fact that tho clinical diagnosis rested between 
(1) retrosternal thyroid and (2) primary anterior superior medlnstinnl tumor, it was felt 
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tliat tlio fastest ami least traumatic approach to the tumor would be through the neck. Ac¬ 
cordingly, on Jan. 23, 1947, under endotracheal ano.sthesia, a collar inci.sion was made at the 
ba.se of the neck. After the th 3 Toid gland had been cxpo.scd, a di.scretc nodule was found 
uithiu the substance of the lower pole of the right gland. It was then noted that the tumor 



Fig. 1.—Roentgenogram of the chest taken on admission to the hospital. There Is a large 
superior mediastinal shadow with deviation of the trachea to the right. 



Fig. 2.—Drawing of the tumor removed from the anterior superior mediastinum- 
measured approximately four Inches in diameter. 


The tumor 



FIc. 3. 



Fig. 4.—PhotonilcrogToph of the tumor (mngnlficatlon J<226) ^wlng tho doeplr it&Jn- 
iDff hTperchromatlc mjarbedlj" fasciculated structure of a nouroftoroaarcoma. 
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in the mediastinum was not connected to the tliyroid gland. The nodule within the thyroid 
gland was removed. Traction upon the mediastinal tumor in an attempt to deliver it into the 
neck produced marked respiratory distress, cyanosis, and elevation of the pulse rate. In order 
to decompress the mediastinum and relieve the pressure upon the trachea, the neck wound 
was abandoned and an incision made on the left side of the chest over the second rib an¬ 
teriorly. About three inches of the cartilage and bone were removed. The tumor bulged 
through this opening and the patient’s breasing imprvoed, the cyanosis diminished, and the 
pulse rate declined. After the patient received about ten minutes rest, the operation was 
resumed and the tumor removed through an opening in the left mediastinal reflection of 
pleura. The chest wall wound and the one in the neck were closed by coaptating the cor¬ 
responding layers of tissue. The patient’s immediate postoperative condition was fair. After 
the third postoperative day he showed steady and progressive improvement except for the de¬ 
velopment of an iscliiorectnl abscess which required incision and drainage on tlie sixth post¬ 
operative day. 



5. Roentgenoaram of the chest taken two years after the removal of the mediastinal 
' tumor. 


Microscopy of the nodule removed from the thyroid gland showed adenomatous changes. 
The tumor mass removed from the retrosternal region was described as follows. The 
mass w'as ovoid in shape and measured 4 by 3 inches in diameter (Fig. 2). Microscopy showe 
the presence of collagenous fibrous tissue with fasciculations. Many of the colls were 
elongated, large, and oval in shape with eccentric hyperchromatic largo reticular 
In some areas lymphocytic infiltration and calcification were noted (Figs. 3 and 4)- 
diagnosis was mediastinal neurofibrosarcoma. 

The patient was discharged from the hospital two months after the operation on th 
chest. He was seen periodically in the Chest Clinic of this hospital, the last time 
on Jan. 10, 1949 (Fig. 5). At that time he stated that he had gained considerable 
that he had had no recurrence of symptoms or pain in the chest and that he ha 
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working an D Rnrdonor and hand\-ninn over aince Ilia diacHarpc from the hoapital. Be- 
rauM of hia oniploynient lij* the Kinpa County Iloiipital he hne been seen frequently, out¬ 
side of tho clinic, and has remained \rell to date. 

DISCUSSION’ 

Ilener nnd Andrus’ denionstrntpd thnt intrnthorneic tumors of nerre 
tissue origin mny nrisc from nny of the nerve elements ns well ns from their 
shenths or connective tissue eontents. Another possible source of origin of 
these tumors is cell rests deposited ectopienlly during embryonic development 
which become active during Inter life. A review of the enses of neurofibromas 
nnd neurofibrosnreomns reported in the liternturc shows thnt they usually oc¬ 
cur singly in the chest nnd probably nrisc from the connective tissue elements 
of nerve. In n review of 105 enses of iutrnthoraeie neurogenie tumors Kent. 
Blades, Vnlle, nnd Qrnhnm* observed thnt .30 (37 jier cent) were malignant. 
They niso noted thnt neurogenic tumors arising within the mediastinum were 
less liable to malignancy than tho.se origiiinting in the more peripheral parts 
of the thorn.x. The avernge nge of the patient in 55 enses of benign neurogenic 
tumor wns approximately 2G yenm nnd in 15 eases of malignant tumors it wns 
17 years. Our patient did not conform with the observntioas of other writers 
either in location of the tumor or nge of the patient. 

Tho sjTuptom complex in cases of neurogenic medinstinnl tumors may 
take one of three forms—(1) neurologic, (2) manifestations of increased 
mediastinnl prcs.sure, and (3) pulmonary—one of which predominntes. Not 
infreiiuently there is a comliination of .symptoms. Jfost writers believe that 
the onset of .symptoms Ls chiefiy neurologic and that encroachment upon the 
mediastinum nnd lung occurs late in the eourse of the expansion of the tumor. 
Harrington called nttention to the fact that benign mmol's are usually asymp¬ 
tomatic oven when of considerable sise. whereas severe interco.stal pain wns a 
common feature in mnlignnnt neurogenic tumors nnd in benign tumors under¬ 
going malignant degeneration. All symptoms and signs of nerve involvement 
were absent in our patient. Interference irith respiration due to pressure 
U|inn the trachea wns the chief reason for considering the tumor preopern- 
tively to be n retrosternal thyroid goiter. The bizarre syniptnmntology in our 
ense wns due to the unusual location of the ncopla.sm, thnt is, in the anterior 
superior medinstimmi. 

The roentgenologic findings in neurogenic medinstinnl tumora usually 
consist of an area of mediastinnl opacity the borders of which nre smooth and 
more rarely lobulated. Occasionally there may be noted erosion of the osseous 
tissue in juxtaposition to the tumor. This is due to local pressure and does not 
indicate mnlignnnt transformation. In the lateral roentgenogram these tu¬ 
mors nre usually found in the posterior medinstiniun. In our case the tumor 
was located in the anterior mediastinum. Neither benign nor mnlignnnt 
tumors of neurogenic origin respond to x-ray therapy. The so-called “test 
dose” of deep roentgen rays is not warranted in mediastinal neurogenic tu¬ 
mors. The treatment of such tumors is surgical. The recent advances in 
thoracic surgei’j- and anesthesiology have made exploratory thorncolomy a 
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safe procedure. At the time of such intervention not only may the surgeon 
remove tissue for biopsy ])urposes but he may also remove the lesion, eradicat¬ 
ing the disease. 

RESmiE 

A ease is presented (with a three-year follow-up) in Avhich a primary 
neurofibrosarcoma was removed from the anterior superior mediastinum. A 
brief discussion of mediaslinal neurogenic tumors is also presented. 
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CAVERNOUS HEMANGIOJU OP THE JIEDIASTINUJr 

Cask Rkport 

N. K. Thojias, I^r.D., AND Tan Sr. Ciiksser, JI.D. 

Tucson, Ariz, 

B ecause of the rclntivo rarity of mediastinal tumors of blood vascular 
oriffin, such a ease is believed suitable for recording. 

A recent article from the ^layo Clinic* indicates that an extensive search of 
the literature on tlic subject reveals 14 acceptable eases of tumors of the medias¬ 
tinum which are l>elievcd to l>c of blood vascular origin. The authors added to 
tills .seriea 3 more such eases, mnkinp n total of 17 authenticated eases of blood 
vascular tumors of the mediastinum. There was evidence of malignancy in S of 
the 14 eases gleaned from the literature and 2 of the 3 cases reported in the 
article .showed evidence of malignnncj'. In the present case report the tumor 
showed no endence of malignancy. The 3 cases at the Jlnyo Clinic occurred 
among approximately 200 patients with mediastinal tumors operated upon. The 
relative rarity of <mch tumors may he undei?rtood from this report. 

Follounng is a ease report of a aunilar tumor: 

History, —C. B., feamle, ngod 18 renni, presented herself for examination Joly 7, 
1040. Patient stated that in 1030 alio wae treated for lobor pnenmonia and reaponded well 
to one of the aulfonamiden. An x-ray examination of the rhent waa made at that time, but 
it did not help liocauM when it wna taken it showed a homogeneoos density obscuring the 
lower two-thirds of the left lung field, nod if any tnnior was present at that time it was 
well hidden by the pneumonic process. Otherwise, the history' was noncontributory, con- 
slstiag of the usual childhood diseases without any soquelno. In February', 1040, the pa¬ 
tient was walking down the street in her home cit}' when she noticed n mobile unit of the 
National Tuberculosis Association and hud an x-ray examination made. She had no symp¬ 
toms at that time that might be related to chest patholog?’. The phj'sician in charge of 
the unit did not tell her what he had found but advised her to report to her private phyei- 
fian for examination and repeat x-ray examination. This was done and the examining 
physician found evidence of tumor which caused hioj to refer tho patient for further 
examination and treatment. Following the original detection of the tumor, the patient in 
retrospect bad the following complaints: vague distress in the left chest which came end 
wont, Ikearlng no relation to effort. No history of cough, hemoptysis, or weight loss. No 
d.vspoea but fatigued easily. Slio had jiarticulnrly noticed that she was unable to swim 
as well as she could several years ago because of the progretwlve shortness of breath. 

Physical examination revealed no demonstrable abnormalities on careful examina¬ 
tion of the entire chest. Blood pressure 120A8, pulse 74 per minute. Heart sounds entirely 
normal. 

X-Tay Kxamination, July 7, 1949. —Posteroantcrior and lateral projections of the chest 
thowed the right side essentially clear. The left aide revealed a rounded mass extending from 
the Idiom into tiie lung structure in the midportion of the long field. Vertical diameter of the 
•hadow was about 11 cm. Lateral borders were smooth In outline. Xiateral view showed this 
mass to be located anteriorly and superimposed on the heart shadow. This tawor was inter¬ 
preted as being a teratoid type of tumor In the left chest. 

From the Thomes-Devls Clinic. 
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Operation, July IS, 1949 .—Patient was subjected to exploratorj' thoracotomy on the left 
side, and after the lung had been retracted a large mass approximately 10 hy 8 by 7 cm. 
in diameter -was located on the left surface of the pericardium. The mass was not attached 
to the pericardium but seemed to bo surrounded by its own capsule. The capsule was in¬ 
cised and the mass was dissected free from its capsular attachment with some difRcnlty. 
Dissection progressed to a pedicle approximately 2 cm. in diameter located near the arch 
of the aorta. The exact origin of the pedicle and the mass was not determined. The mass 
was removed at its pedicle and hemo-stasis was secured by suture ligatures. Operation was 
concluded bj' closing the thoracotomy incision with closed drainage. Patient made an 
uneventful recovery and was discharged on the seventh postoperative day. 

Pathology Peport. —Gross: A somewhat egg-shaped mass which weighed 275 gram?, 
measured roughly 10 by 7.5 by 6.5 cm., and presented a shaggy surface. The mass did not 
appear to have been readily enucleated. AVhen a section was carried through the mass, a large 
amount of blood esenped. The substance of the mass Iiad a cavernous structure, blood escaped 
from the cavernous spaces. 

Microscopic: The mass was made up predominantly' of blood vascular elements which 
were often closely packed together. These blood vessels varied markedly in size and in 
thickness of their walls, the smaller channels were hardly' larger than capillary size and 
possessed walls of capillary thinness. The larger cavernous spaces occasionally possessed 
relatively thick walls apparently made up chiefly of smooth muscle fibers. The stroma was 
not richly' cellular and was made up of well-differentiated connective tissue, in which them 
were imbedded rather numerous scattered aggregations of lymphoid cells, apparently in¬ 
flammatory cells since there was no arrangement of these cells to form typical lyniph fol¬ 
licles. No epithelial cells were seen. The various elements were well differentiated. There 
was no evidence of rapid growth. 

Diagnosis .—Large cavernous hemangioma of the mediastinum. 

DISCUSSION 

A case is presented of a large cavernous liemangioina of tlie mediastinum, 
occurring in an IS-year-old girl. The symptoms had lieen so mild as to not cause 
the patient to seek medical help but accidental discovery and questioning by her 
local physician brought out mild pressure symiptoms dating for approximate} 
one year prior to the time of first examination. The tumor was removed an 
the patient made an uneventful recovery, leaving the hospital on the se%en v 
postoperative day^ Pathologic report on the tumor placed it in a clas o 
mediastinal tumors of blood vascular origin of which relatively few have eeti 
reported in the entire literature. Surgery iu tliis case should result in a peima 
nent cure. 



SOIIE ASPECTS OF CAVITr BEHAVIOR IN PULJIONARY 
TUBERCULOSIS 

G. A. P. UuHLEY, P.R.C.S.(C), F.A.C.S. 

JIoN'TRRM^ Quebec 

D espite ycnrs of eloso study and therapeutic nttneks from many angles, 
the tuberculous pnlmonnrj' canty coiitinnes to be one of the most difUcnlt 
prohlcms to confront the clinician, by reason of its unprcdietiible response to 
treatment. 

Of the modem active methods of cavity treatment, namely, collapse ther¬ 
apy, transpleural drainage, and lung resection, the latter is being employed 
ever more frct|uently, particularly for those cases which have not responded to 
the other two less radical forms of therapy. JIany cases of advanced bilateral 
disease, however, arc not suitable for lung resection. 

Collapse therapy is a well-tried method of treatment which has been at¬ 
tended by a high percentage of succcs.sful results. On the other hand, many 
cases have their chances of sundvat lessened by vciy extensive, perhaps over- 
cuthusiastic collapse therapy, sacrificing badly needed king function. This is 
done in an attempt to force cavity obliteration by extensive irrevcraible kuig 
collapse through multiple rib resection. 

Transpleural cavit.v drainage is a useful method particularly in conjunction 
with collapse therapy for large cavities. This procedure, jmrtieularly in the 
closed form, however, is sometimes hnsardoiis to institute because of uncertainly 
as to the adequacy of pleural space obliteration, and the lack of a sure closed 
method for bringing about such obliteration. 

In the belief that each of the methods mentioned has its place in eaioty 
treatment at the appropriate time, and that the proper method can l)c best 
selected for any particular caWty by stud.ving the type of cavity or phase of 
caUty evolution with which one is dealing, it is suggested that closer attention 
to camty behavior than merely the establishment of the existence of a cavity 
IS required for intelligent application of the methods. The need for sucli cavity 
study is well recognized. The woi-k of Peni'son, Eloesscr, llonaldi, Coiyllos, 
Vineberg, Kunstler, and others drew attention to the blocked cavity or “posi¬ 
tive pressure cavity,” and suggested transpleural drainage for its treatment. 

In this article certain aspects of the behavior of cavities, particularly under 
the conditions of lung collapse and lung axpansion, will Im discussed. Some 
experiences with a plan of procedure aimed primarily at the most efficient and 
lung-sparing use of collapse therapy, but inoviding at the same time for the 
safe use of trans])leural drainage or the early institution of lung resection, will 
he described. 

Cavity Persistence .—The mechanism of formation of a tuberculous lung 
cavity is fairly well understood, but the cause or causes of cavity persistence are 
still de batable. With our present knowledge, one may assume that aside from 
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iminuiie-biologic considcTations, there are at least two important causes of 
ca\aty pei’sistenee, of a mechanical nature, Avhich might be called: (1) ca\ity 
fixation, and (2) cavity inflation. 

By cavity fixation is meant rigidity of the cavity wall due to fibrosis, and 
also adlierence of the surrounding diseased lung to the resistant bony parietes. 

By cavity inflation is meant the progressive trapping of air and the products 
of tissue destruction within the cavity due to a stop-valve effect in the drainage 
bronchus or bronclii. 

Cavity Obliteration .—The mechanism of cavity obliteration, whether spon¬ 
taneously or under collapse treatment, is not clearly underatood. The most 
direct form of attack on cavity fixation Avould seem to be collapse therapy by 
removal of ribs or division of adhesions. Similaidy the most direct treatment for 
cavity inflation should be adequate cavity drainage either in the natural way 
through the bronchus or by surgical intervention transpleurally. 

If the cavity wall and the surrounding lung have become sufficiently rigid 
with fibrous tissue and calcification, then probably neither collapse nor trans¬ 
pleural drainage, nor any combination of these A\nll cause cavity obliteration. The 
only effective remedy that one can see for such a cavity is complete eradication 
by lung resection. 

In so far as the mechanism of cavity inflation is concerned, there is no need 
to postulate hinged flaps or other bizarre trap-door devices in order to produce 
a stop-valve effect. Partial occlusion of the bronchial lumen by thick secretions 
on inspiration can easily become complete occlusion on expiration, owing to the 
enlargement and diminution of tlie bronchial lumen accompanying inspiration 
and expiration, respectively. Such things as increased amount of secretion, scmi- 
solid or veiy viscid secretion, narrowing of the bronchial lumen by endobronchial 
disease, traction on the bronchial wall b.v fibrous tissue, com])ression of the bron¬ 
chus by lung collapse, and increased inspiratoiy effort as in coughing or physical 
exertion will clearly' favor cavity^ inflation. Conversely^ thinning of the con¬ 
sistency of the secretion or r-eduction of its amount as after periods of treat¬ 
ment, or reduced inspiratory effort through bed rest, or sedation of useless 
cough, will lead to diminished cavity' inflation, or deflation and occasionally even 
ca\ity disappearance. 

Hence, it w'ould appear that the phasic character of cavity inflation with 
periods of increase in size often alternating wdth periods of decrease in size can 
be readily explained on the basis of variation in effective bronchial lumen an 
resulting bronclrial drainage. 

Cavity Treatment .—^While in treatment, cavity' inflation is most directly 
countered by transpleural drainage, and cavity' fixation by collapse, it is clear 
that coUapse therapy' alone often deals effectively' w’ith cavity' inflation. 
body' has experience of giant cavities exhibiting obvious signs of inflation me 
ing positive pressure and fluid levels, that have gone on to obliteimtion un 
coUapse therapy' w'ithout the added assistance of transpleural cavity' draina^- 
This may be at least paiTly' explained by' the fact that collapse therapy genei’a } 
diminishes the amount of air entering the cavity. 
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This is pnrticulnrly true of one form of collapse tliornpy, namely, diaphrag¬ 
matic pamlyaia. This procedure puts out of action the bellows effect of the 
contracting diaphragm, thus reducing the amount of air entering the lung and 
the cavity at each inspiration. It is pos.siblc that this is the mast effective factor 
in diaphragmatic paral.vsis and not the diminution in lung volume resulting from 
diaphragmatic ascent. The rapidity with which some lower and midlung cavi¬ 
ties disappear after jihrcnic interruption even with only slight rise of the dia¬ 
phragm hears out this contention. Inflated cavities c.vhihiting positive pressures 
liave been seen to disajipear after phrenic intcmiption without transpleural 
drainage. 

In the same way, for upper lung cavities one need not always require drastic 
reduction in lung volume, with corresponding loss of liuig fimction, in order to 
secure cavity obliteration. Hemovnl of a few of the upper ribs, or the creation 
of an air- or fluid-filled space around the upj)er lung hinders the inspiratory 
action of the costostcmal mcclianism and thus diminishes cavity inflation, often 
resulting in cavity disappearance. 

It is unfortunate that the reduction in lung volume caused by collapse meau-s 
a corresponding reduction in the lumen of the smaller muscle-walled bronchi, 
and hence interferes with bronchial drainage and favors canty inflation. In 
fact, it is quite possible that too great a degree of collapse may in this way, 
parado.vically, favor carity ijcrsistencc. This is .seen at times in cases of pneumo¬ 
thorax where all adlicsions have been dirided and despite optimum concentric 
collapse the cavity, instead of diminishing, retains its original size or even en¬ 
larges. Frequently on permittmg tho lung to rc-oxpand in such cases, the cavity 
diminishes and at times disappears (Cn.se 1). 

In theory the correct amount of collapse is that which eliminates adherence 
of the lung to the parietc-s giring full scope to the contracting tendency of the 
fibrous tissue surroundmg the cavitj-, without lenduig to compression and ob¬ 
struction of the bronchial lumen. Tho rapid succession of stages ns followed 
in tho classical thoracoplasty, takes little account of this problem of bronchial 
drainage, and seeks to cau.se cavity obliteration by sheer reduction of lung vol¬ 
ume. The fact that ca-vities sometimes persist despite extensive rib and trans¬ 
verse process i-csection, resulting in total lung collapse ivith corresponding 
severe and permanent loss of lung function not to speak of physical dcfoi-mity, 
raises a question as to the soundness of such a proceeding. Moreover, after a 
two- or three-stage thoracoplasty, the residual cavity lies so inaccessibly close 
to the mediastinum that cavity drainage becomes impractical and lung resection 
remains the only hope. It is felt that the tendenej- in recent years has been 
to concentrate too much on the early ridding of the patient of a few tubercle 
IwciUi from the sputum and not enough on prc.sciYing adequate lung function 
Eo that tho patient con carry on a normal existence. To paraphrase Pinner, 
patients have been cured of their tuberculosis but cannot walk upstairs. 

In an attempt to rationalize ooUapsc therapy according to the principles 
ontlined previously, and, above aU, scrupnlously to preserve lung function, a 
procedure has been tried over the past four years on a small series of 15 cases. 
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resection of the posterior rilis. Should cavity napture actually occur, oue should 
probably remove the upper lobe, if possible, in order to avoid continuing feeding 
of the infection of the apieolysis space. Should this prove impractical because 
of the risk, open drainage of the apieolysis space with streptomycin aid 
seems a possible alternative. It is believed that average care and gentle dissec¬ 
tion vull prevent cavity rupture if one is alive to the danger and is ready to 
desist if rupture appears imminent. 

The second difficulty concerns the danger of paradoxical respiration owing 
to the large area of unsupported deeostalized chest wall left anteriorly after re¬ 
section of the upper three ribs and costal cartilages. Support of the infra- 
cla^deular region with a large pressure pad hitched to the opposite shoulder 
and filling of the apieolysis space vuth normal saline have proved quite satis¬ 
factory^ in overcoming this problem. The pressure pad is kept in position for 
two weelcs after the operation. Experience with resection of the anterior por¬ 
tions of the ribs with and without apieolysis has suggested that there is less 
trouble with pai’adoxical movement, when apieolysis is done. This causes com¬ 
plete collapse of the portion of lung underlying the deeostalized chest wall, and 
largely' prevents its taking pai't in respiraloiT movement. Filling the apieolysis 
space with saline further helps by' supporting the chest wall and compressing 
the lung. 

A further problem arises when a large cavity' has been reduced in size by 
the anterior operation and then shows endenec again of an active inflation 
mechanism, in a new increase in size, suggesting the need for transpleui'al drain¬ 
age. In that the cavity' is now more deepseated in its lower position in the more 
roomy lower chest cavity, and because of its smaller size, its localization for 
drainage may prove difficult. After unpleasant ex])ex’ience with one such cavity 
where repeated needle explorations were followed by' a fatal hemoptysis, drain¬ 
age is not now attempted in any' such cavity' measuring under 4 cm. in dianietei. 
Lung resection is preferred for such a cavity' showing a pronounced inflation 
mechanism or if the inflation element is not mai’ked, further collapse is tried 
through posterior rib resection. 

To counterbalance the aforementioned disadvantages, this procedure seems 
to have certain advantages over the standard form of thoracoplasty which 
might be briefly sununainzed. 

1. The patient is operated upon in the supine position for anterior thora 
coplasty'. This has an advantage for patients with large cavities and piofnse 
sputum in that there is less danger of flooding of the opposite limg than if 1 
patient were ly'ing in the lateral position used in posterior thoracoplasty'. 

2. For anterior thoracoplasty' a short incision is used extending from i® 

midline to the midaxilla at the level of the second rib. The lateral half ® 
pectoralis major is divided between clamps aird the medial half is spht i 
this approach there is much less blood loss tlr, wititadhe fii'st-stage postenor 
thoracoplasty'. ■ ' 

• 3. Owing to removal of the wide’- .f the upper three n 

■ and tlreir costal cartilages in thei'’ is provided by 

operation than by the fii’st-^’- ■, ’ 
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4. Only one opcmtion with no deformity, little or no intcrforence with 
ehoiilder function, and minimal i-ednction of limg function for those patients 
whose caritics po on to complete obliteration after the anterior operation. 

5. Obliteration of the pleni'al space anteriorly in preparation for trans¬ 
pleural drainage should this ])rove neees.snry.. Both layers of the pleura be¬ 
come fused n-ith the fibrinous deposit which forms in the apicoly.sis space post- 
operatively. 


FiB. 1. 


FlE. 1 . 
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CASE REPORTS 


Case 1.—Miss J. K., 21 years of age. Onset of pulmonary tuberculosis in June, 1844. 
Admitted Grace Dart Hospital September, 1944, with G.5 cm. cavity in both upper zones. 

October, 1944, left pneumothorax unsuccessful because of indivisible adhesions, and 
abandoned. Kovember, 1944, right pneumothorax. 


•a 






WftR & t 


Fig. 7. 


Flers. 5, G, 7, and 8 (Case 2).—Typical of Group 2 type of cavity beha\lor 
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December, 1044, closctl pneonionoIj’Bis with divuioc of ndlieafona nnd good pneamotbomx. 
The cnvity, liowerer, remained a« large na before, and tlio pneumothorax tnia therefore aban- 
doncHl. Tlio cavity aliou’od alow reduction in airc and grudually dianppeared. Cavity proa- 
snres were token In thia cavity in Aaguat, 1045, nfter the pneumothorux had become com¬ 
pletely nbaorbed but while the cavity wna atill a fair sire. Preaaurea were -5, -I cm. of water. 
Thia la interesting in Hint the behavior of the cavity when it failed to l)Ocomc obliterated under 
a good pneumothomx auggcatetl that It wa» in on inflated or positive prewure phaeo at that 


Fiff. D. 


Ftp. 10. 
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time. Tlie lustorj' of this cavity, going on to oijiiteration on re-expanaion after a period of 
collapse, suggested a similar course of treatment for the left-sided cavitj'. Cavity pressures 
on the left side in March, 1945, -n-ero 0, -rS and in Dccemher, 1945, were +%, -^4. 

In January, 1946, left anterior thoracoplasty with apicolysia was done. Sputum became 
negative in March, 1946, and has remained so. Tomogram has failed to show a cavity in 
either lung since April, 1946. Discharged in September, 1946. Has since married and lias 
had cMldren. 

Case 2.—Mr. C. K., 44 years of age. Onset of pulmonary tuberculosis in June, 1945. 
Admitted to Grace Dart Hospital in December, 1945, with 6.5 cm. cavity in left upper rone 
and 2 cm. cavity in right upper zone. 

July 10, 1946, left anterior thoracoplasty with apicolysia. 

July 31, 1946, right anterior thoracoplasty with apicolysia. The left-sided cavity was 
smaller in size after the operation, and then remained unchanged for three weeks after 
which it rapidly became reduced in size until on Aug. 17, 1946, it measured only 144 cm, 
in its longest diameter. It failed to get any smaller over the succeeding three' months so 
that a posterior thoracoplasty with resection of ribs four and five was done in December, 
1946. The sputum became negative in October, 1946, and has remained so. Since March, 1947, 
there has been no conclusive evidence of cavity in the right upper lung. 

Discharged in November, 1947. Working ns a taxi driver. 

Case 3.—Mr. E. G., 33 years of age. Onset of pulmonary tuberculosis in 1942. Ad¬ 
mitted to Grace Dart Hospital in December, 1945. Good chronic with 5.5 cm. cavity in the 
left upper lung. 

Anterior thoracoplasty with apicolysis in February, 1946. Cavity was reduced to 3 cm., 
after the operation, but rapidly re-enlarged again to 4.5 cm. Transpleural drainage of 
cavity in April. 1946. Sputum then became negative and remained so until December, 1940, 
when sputum became positive again. Accordingly po.sterior tlioracoplasty (ribs four, five, 
six, and seven) in January, 1947. Sputum negative since January, 1947. Discharge! 
August, 1947. 

RE.SULT,S , 

Obviously no valid conclusions as to slatisticnl evaluation of effectivenes.s 
cau be dratvu from a group of sixteen cavities in fifteen patients (one patient 
was operated upon bilaterally). The results are given in the hope that others 
may be stimulated by them to adopt similar studies in cavity behavdor. 

Of the sixteen cavities studied, all but three w’ere 5 cm. or over in diameter 
and four were in the giant cavity class. It is thought likely that if smaller ca^ i 
ties were included a higher proportion of successful re.snlts would have been 
secured, and that many of the smaller cavities would have gone on to oblitera 
tion after the anterior operation without further interference. Smaller cau 
ties are now being treated in this way and will he reported upon, when a su 
ficient time inteiwal has elapsed to make the results worth while recording. 
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degree of control of the first lesion and a more deliberate selection of the 
treatment for the second. 

Admittedly, the possibility of survival diminishes ivith the advent of each 
new cancer capable of metastasizing. Yet, it is more and more suggestive, as 
experience accumulates, that the maintenance of aggression in treatment, 
rather than the yielding to defeati.sm, has produced surprisingly favorable re¬ 
sults. Consequently, we feel that the appearance of two, three, or more prim¬ 
ary cancers of different organ systems should not contraindicate radical 
therapy for each. Jf, for example, an adenocarcinoma of the rectum has been 
controlled by an abdominoperineal resection and later a carcinoma of the 
breast develops, it should be treated by radical mastectomy. Similarly, the 
apparently complete eradication of a malignant testicular tumor several years 
prior to the appearance of a gasti’ic cancer would not contraindicate gastrec¬ 
tomy. 

The probability of survival in each separate case of cancer varies con¬ 
siderably with the particular clinical setting. If the carcinoma of the rectum 
just mentioned occurred by itself and were in the pathologic classification of 
Duke’s A or Duke’s B, the patient would have an estimated 65 to 85 per cent 
chance of living five years. If the breast cancer that was removed subse¬ 
quently were the only tumor present and found not to have mctastases in the 
regional lymph nodes, the chance of five-ymar survival would be approximately 
75 per cent. One can only conjecture whether the combination of these two 
primaiy lesions in one individtial would alter the prognosis. Actually, it may 
be even better than that reported for cases in which only solitary cancer of 
the stomach or lung is present. 

Patients need psychological help in facing repeated major surgical pro¬ 
cedures, but respond well when a reasonable chance of “cure” is offered. 
Thus, a 49-year-old mother of four children did not protest when she ivas faced 
with the necessity of a radical mastectomy, an anterior resection of the sig¬ 
moid colon, and a right upper and middle lobe lobectomy—the last two opera¬ 
tions within two months of each other. 


CRITERIA FOR AlULTIPLICITY 

Criteria for diagnosis of multiple cancers must be clearly defined. In 
first two examples cited previously, carcinoma of the rectum followed by f 
breast cancer and a malignant testicular tumor followed by a gastric 
the combinations of lesions were such that the second primary, because o i; 
location, was not likely to be confused with a metastasis from the first. nv 
ever, when lung tumors are considered, a careful distinction must be ma ej^ 
to whether this organ is acting as the site of a new groivth or as a filter an^ 
repository of metastases. This distinction can be made only when the 
tumors have entirely different histologic characteristics, as in Case 
(Table III) in which a squamous carcinoma of the hard palate coexiste 
an adenocarcinoma of the lung (Pig. 1). There are seven cases in tins ser^^ 
meeting this criterion, and these are classified as having positive evi ence 
multiple primaiy cancers. 
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On the other Iinud, if the two lesions in question hnve the same histologie 
imttern, it is almost impossible to distingnish niicroscopicnlly between a prim¬ 
ary focus and a metastasis in the lung. By no means, however, does this neces¬ 
sarily c.xelude the possibility that the imlmonary lesion may be a separate and 
distinct primary. Reliance in these instances must be placed upon the clinico- 
pathologic picture, and in this series, thirteen eases are classified as having 
probiihlc cvidcnec of multiple primniy cancers. In Case No. 20, squamous cnr- 
cmoma existed s.\Tichronously in the extrinsic larj-nx and the left main bron¬ 
chus. The latter is an unusual site for metastasis from the former, and, in 



the gross specimen removed by total pneumonectomy, a cancer was found 
arising from the bronchial wall. There were no metastases noted in the re¬ 
mainder of the resected lung, nor have any appeared in the regional lymph 
nodes or in the opposite lung in the twelve months since operation. 

In Case No. 13, a squamous carcinoma confined to the edge of one vocal 
cord and noninfiltrative in character, occurred sjoichronously vrith an epider¬ 
moid carcinoma of the right upper lobe bronchus. The pathologist felt that 
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the probability that the two lesions represented a primary cancer and its 
metastasis was remote, despite the presence of the same basic histologic pat¬ 
tern. 

In a separate group are five cases of lung cancer associated with basal 
cell carcinomas of the skin. Although these skin cancers are nonmetastasizing, 
their presence in combination with another malignant growth stresses the pos¬ 
sible inherent tendency of some individuals to evolve cancer. 

COMPILATION OF CASES 

In 1,493 cases of cancer of the lung obseiwcd in Memorial Hospital over a 
period of twenty-four years, there have been twenty-five instances in which the 
lung tumor was one of two or more separate primary malignant groAvths—an 
incidence of 1.6 per cent (Table I). There Avas one triple primary. Warren and 
Gates’’ found 120 lung cancers in their autopsy series, in nine of which there 
was another primary lesion—an incidence of 7.5 per cent. The constituted 4.6 
per cent of aU the eases found at autopsy to have multiple primary cancers. 

Table I. Mui.tu-le PniMAniES Associated tViTn Lung Caxcer 
From the Files of ^Memorial Hospital 


Total cases of lung carcinoma 1,493 

Total multiple primaries 25 

Incidence l.C% 


The sites of the separate malignant grovdhs in our series are listed in Table 
II and include seven of the oral cavity, four of the larynx, two of the rectum, and 
one each of the breast, uterus, bladder, kidney, and thyroid. There was one case 
in which the lung cancer Avas combined with Ijnnphatic leucemia and five cases 
where it occurred with basal cell carcinomas of the skin. The triple primarj' 
included cancers of the breast and sigmoid and is listed separately. 


Table II. Multiple Primabies Associated With Lung Cancer 



POURIiE PRIttARY 


Oral cavity 

7 


Skin 

5 


Larjmx 

4 


Rectum 

2 


Kidney 

1 


Bladder 

1 


Breast 

1 


Uterus 

.1 


Thyroid 

1 


Ljunpliatic leucemia 

1 

_____ 

Total 

24 

-_— 

triple primary___ 


Breast and sigmoid 


Total Cases 


In the literature-''’ ® there are at least thirty-seven cases in whi h ^ 
autopsy, a cancer of the lung has been found to be one of two malignant 
of these the kidney, colon, and stomach tvere the sites of the other tumor 
times; the skin, four times; the prostate and breast, three times each; the 
gus, gall bladder, and tongue, twice each; and the lip, bladder, larynx. 
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garcoma of the leg, and lAHijihasarcoma, once each. In addition, tiierc was a 
triple priniar}' arising s.vnchrononslj- as a squanions carcinoma of the bronchns, 
adenoearcinoina of the pancreas, and cnreinoinn of the prostate. 

In a discussion of multiple primary malignant growths, the time relation¬ 
ships between the appcarnneea of the tumors is of interest. In this communi¬ 
cation, the cancel's arc considered .sj'nchronous if the interval between the 
establishment of the diagnosis of the first primary tumor and the detection of 
the second was less than six months; metaehronons, if more than six montlis. 
In our twenty-five cases, the lung caneer was synchronous ivith another malig¬ 
nant tumor in fifteen instances—twelve of these in combination ivith a cancer 
capable of nietastasising—and in ten ease.s, the lung cancer appeared at least 
hvelve months after the diseovei'j’ of the first tumor. In not one instance did 
the lung lesion antedate the appearance of the .second growth by any signifi¬ 
cant length of time, probably because the early mortality of patients ivith 
eanecr of the lung precluded their propagating second lesions. This situation 
occurs also among the eases reportwl in the literature, m which the lung 
tumor was usually the last of the priniarj' growths to appear in an indh-idual. 

DIAONOSIS 

AITien a patient who has a eanecr known to metastasiie develops pul¬ 
monary symptoms or an asymptomatic rocntgenographic shadow suggestive of 
primary lung cancer, the problem of establishing the true nature of the process 
is Autal and often requires considerable clinical and laboratory data. 

History nml Physical Eramiiiniion .—In onl.v ouo cose was mention made of 
cancer in a member of the immediate famil.v, but this item on the patients’ 
histories was usually uicomplcte. 

Although a primary cancer of the lung may be e.xpeotcd to show earlier 
evidences of bronchial irritation and compression than a metastasis, little re¬ 
liance can he placed on signs and sjuiiptoms ns aids in differentiating between 
the two. In this series, it was largely in the metachronous lesions that the 
symptoms of cough and hemoptysis directed attention to the lung. 

There were twenty men and five women in this series. Their ages varied 
from 49 to 80 years, with an average of 02 years. The youngest patient was a 
49-year-old woman who had three separate primai'y tumors. 

Pocutgenographic Findings .—Eight cases were detected foUomng routine 
roentgenograms of the chest taken either ns part of a check-up examination 
or to determine whether multiple lung motastnses were present. The value of 
chest films at six or twelve-month uitervals ns part of a follow-up system can¬ 
not be overestimated.* Lesions discovered before symptoms develop are more 
likely to be resectable. 

The correct diagnosis was suggested roentgenographicaUy in ten in¬ 
stances. Primary lung cancer was suspected for the following reasons: the 
infrequency with which certain cancei-s metnstasise to the lung, and the shape 
of the shadow, usually associated with a segmental atelectasis. It is felt, how¬ 
ever, that the moat important element is the alertness of the radiologist to the 
fact that a density in the lung may represent a new primary carcinoma and not 
necessarily a metastasis. 
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Additioiinl aid h) dingiiosiiip asymptomatic shadows may bo derived from 
previous cliest roentRenogi-ains. Tomography will help to reveal bronchial 
changes in the absence of atelectasis, and, of course, serial roentgenograms 
■\vill shou' changes and new lesions. A delay of even three weeks, however, 
waiting for a signifieanl allemtion on Uic nppeamnee of a shadow or for a new 
metatasis may convert a resoctahle to a nonrcsectable lung cnnecr. 



Elff. 2 (Ca»e No. 11).—Poatoroontcrlor and latornl client rocntBcnofframo. ehowlnc shadow and 
partial atclocla»1t of right upper lobe. 


Bronchoscopy and Exfoliative Cytology. —EITlor, Blades, and Marks’ have 
stated that it is almost impossible to determuie the exact nature of an asymp¬ 
tomatic lung tumor before it is cxcLscd. Nevertheless, in four coses, it was 
po.ssible to make a presumptive preoperative diagnosis of primary lung eoncer 
by obtaining histologic material that differed from the second cancer. In two 
eases (No. 2 and 11) this was accomplished by exfoliative eytologieal studies, 
stained according to the method of Papanicolaou; in another case (No. 4) 
by biopsj' during bronchoscopy; and in still another (No. 3) by aspiration 
biopsy. 

Sputum and bronchial washings stained for malignant cells in particular 
aid the dinguo.sis of peripheral lesions that are detected roentgonographically. 
These are usually early growths and arc not accessible to bronchoscopic vision. 
In Case No. 2, a correct diagnosis was made when the firat cancer was an 
adenocarcinoma of the rectum and the cytologic picture of the bronchial wash¬ 
ings was squamous carcinoma. A total pneumonectomy was performed and 
the diagnosis of bronchiogenic carcinoma was confirmed. 
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Dr. Papanicolaou® states that in sputum or bronchial aspirate containing 
clusters of cells the varieties of primary lung cancer can often he distin¬ 
guished. Approximately 85 per cent of all lung cancers can be diagnosed by 
cytology studies. On the other hand, metastases tend to yield scanty exfolin- 
tions and a lessened opportunity for cytologic diagnosis. Further .studies are 
being made which may help to clarify this problem. 

Biopsy at Operation .—In two eases (No. 10 and 20) final diagnosis was de¬ 
rived from the findings at exploratoiy thoracotomy. Under the equivocal cir¬ 
cumstances that surround solitary lung, lesions such as were found in these 
two patients, the lung is carefully examined at operation for signs of multiple 
parenchymal nodules which might indicate dilfuse metastases not demonstra¬ 
ble by roentgenogi’am. If found, one can usually be excised for histologic 
examination. 

Tumors located near the hilum and seeming to arise in the main-stem 
bronchus, as in Case No. 20, are considered to be primary lung cancers and a 
total pneumonectomy is performed for their removal. This provides the only 
means of securing a complete specimen for histologic study without incising 
the lesion itself, thereby running the risk of intrapleural dissemination of infec¬ 
tion and/or neoplastic tissue. 

The problem of distinguishing solitary peripheral lesions from metastasis 
at exploratory thoracotomy is more difficult. There were six instances (not re¬ 
corded in this paper) in whieh metastasis in the lung was found, rather than a 
primary lung tumor. Various methods were employed in the operating room 
to help establish their identity so that the appi’opriate procedure could be per¬ 
formed. Aspiration biopsy of the tumor through the open chest provided 
tissue for a quick pathologic diagnosis and ])roved of value only when the his* 
tologic report of the primary lesion elsewhere was available for comparison. 
However, this procedure is now reserved for unresectable lesions, where a 
biopsy is of academic interest only. 

Wedge and segmental resection of the smaller, more periphei’ally-pkce 
lesions has been used, but it is felt that lobectomy affords a better chance o 
deciding whether the lesion is a primaiy tumor of the lung by permitting the 
study of its relationship to the bronchial tree. In addition, it is a safer pio- 
cedure because it prorides a wider and more complete excision of the tiimoi- 
If, upon gross examination of the specimen and the frozen section of the lesion, 
the presence of a primary lung cancer is established, a total pneumonectom.v 
with hilar and mediastinal lymph node dissection can be performed, althoug 
in some clinics, a lobectomy is used as tlie complete procedure for the tiea 
ment of lung cancer confined to one lobe. Should the lesion prove to e 
metastasis, nothing further need be done. Many of the thirty-five cases le 
ported in the literature, in which metastatic foci were excised from the ring, 
obtained good palliation and surprisingly long survival rates.^ 

TREATMENT 

Of the twenty-five lung cancers in this series, eleven were 
plored—seven had pneumonectomies; two, lobectomies; and two were 
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sidered nonresectablc and were subsequently irradiated. It i.s worth noting 
that eight of these surgical jiroeedures were performed in the last two yeai-s, 
which fact can be construed ns an indication of a more aggressive surgical 
policy. 

Of the nine ])ntients who underwent surgical excision, four died of dis¬ 
ease—two, six, eight, and twelve months after pneumonectomy. One patient 
(Case No. 7) is living six months postoperntively, although there are me- 
tastases in the remaining lung. The other four canes are living udthout evi¬ 
dence of disease—four, eight, twelve, and twenty months after operation— 
and include a patient with triple primary cancer (Case No. 10) who is living 
eight years after radical mastectomy, six months after sigmoidectomy, and 
four months after right upper and middle lobe lobectomy. 

Twelve patients were treated only by irradiation and two others were 
added after exploratory thoracotomy revealed nonroseetable lesions. Except 
for palliative benefits, roentgcii-raj- therapy was of little value in the pro¬ 
longation of life, all of these patients dying of extension of the lung cancer 
within thirteen months of the institution of treatment. 

Trvo ca.ses received locai irradiation by the application of intrabronchial, 
radon-containing, capsules tlirough the bronchoscope. Case No. 5 sundved 
twenty-four months and died of uremia, secondaiy to the extension of the 
bladder carcinoma. Chest roentgenogram, taken just prior to death, was re¬ 
ported as negative. One imticnt. Case No. 12. is alive at present uithout evi¬ 
dence of extension of the primaiy earcinomas of the lung and intrinsic larynx, 
eighteen months after treatment. 

Two cases will be described in some detail. 

Case No. 1.—This patient u-an a 54-ycnr-oId vliite nmn nho first camo to Memorial 
Hospital on Jnly 10, 1040, with a complaint of rectal bleeding of eight months' duration. 
Biopsj' of a rectoaigraold lesion, 12.5 cm. from the anal margin, Tvas reported to be ndeno- 
carciaomo, grade 2. On Oct. 24, 1040, a ooe-stage, combined abdomlnoparinoal resection 
was performed. On aubsoquont follow-up visits, the patient was reported to be well, until 
May 2, 1940, when he complained of slight cough and bloody sputum. Roentgenogram of 
the cheat indicated the possibility of an early bronchiogonic carcinoma. Bronchoscopy had 
revealed no apparent abnormality. Papanicolaou studies of bronchial washings were re¬ 
ported os Class A*", "Conclusive evidence of a squamous carcinoma of the lung." On July 
1C, 1949, at eiploratory thoracotomy, a tumor moss was found in the apex of tho left lower 
lobe, measuring about 4 cm. in diameter, and extending ocross tho interlobar fissure to the 
left upper lobe. A- loft pneumonectomy was done and the specimen was reported as bron- 
ehiogonic squamous carcinoma—nodes clear. Tho patient had an uneventful recovery and 
was without evidence of disease eight months later. 

Comment .—The development of metachronous lesions, in this case of tho 
rectum and lung, was separated by nine years, and a preoperative diagnosis 
of a new primary pulmonary cancer waa derived from roentgenograms and 
bronchial cytologic studies. 

Case Ko. 0.—Tlie patient >niB a 65-year-oliI wUitc Avomiin, vlio was lirat seen on Sept 
20, 1948, presenting a history- of lymphatic leuccmift of five years' dnmtlon. She had been 
treated elsewhere for the disease by roentgen irradiation, radioactive phosphorus, and 
nrethnne. On examination, tliere was generalixed adenopathy and hepatosplenomegaly. 
^ite blood count waa over 200,000, with P2 per cent lymphocytea. She had no pulmonary' 
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complaints, but a submitted chest roentgenogram taken four months previously showed n 
6 cm. opacity in the right lower lung field. This was reported by the radiologist as “con¬ 
sistent with bronchiogenic carcinoma.” Bronchoscopy did not visualize the tumor. A 
sputum specimen was reported ns Class V, "Shows large masses of Ijunphocytes and also 
clusters of neoplastic cells suggestive of a malignant lung tumor, adenocarcinoma in type.’’ 
Roentgen-ray therapy to the lung lesion was begun on Alny G, 10-19, and the patient was 
given 3,000r. to each of two chest portals, anterior and posterior, using the 1,000 KV. ma¬ 
chine. She remained asymptomatic until Feb. 9, 1050, when she complained of marked 
weakness, nasal hemorrhages, and she developed axillarj' and inguinal lymph node enlarge¬ 
ment. ACTH was administered without avail. She died on March 20, 1950. At autopsy, 
the diagnosis of terminal alveolar adenocarcinoma of the right lower lobe of the lung, 
metastatic to liver, was revealed, together witli difTuso evidences of lymphatic leucemia. 

Comment .—In this instance, radiation tiierap}' tvas selected as the method of 
choice because the hemoiThagie propensity of patients with leucemia precluded 
sui’gical intervention. 


SUJIMARY 

1. In 1,493 cases of lung cancer at Memorial Hospital, there were twenty- 
five multiple piimaiy cancers in which the lung was the site of one of the 
tumors. 

2. There were fifteen instances of symehronous and nine of metachronous 
multiple cancers. One triple primary cancer of the breast, rectum, and lung 
is included. 

3. The relative imiiortance of the methods of establishing a definite diag¬ 
nosis of the pulmonary lesion has been discussed. The value of routine chest 
roentgenograms and of exfoliative e.^i;ologie studies of bronchial secretions has 
been emphasized. 

4. Radiation therapy has value as a palliative measure in the treatment of 
the cancer, primary in the lung, but surgical intervention may be preferable, 
for it serves both as a diagnostic and therapeutic measure. 

5. There should be no defeatism engendered by the appearance of a hmg 
shadow in the presence of a knomi cancer at another site. Rather, aggressive 
measures directed at establishing the nature of the new growth and eradicat¬ 
ing it must be instituted. 
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THE SURGICAL JIANAOEJIENT OP CARCINOMA OP THE LUNG 
A Study of the Cases Trf^tfji at the Massachusetts General, Hospital 
FROji 1930 TO 1950 

Edward D. Ciiurciiill, j\LD., Richard H. Sweet, M.D., Lajiar Soutter, M.D., 
AND J. Gordon Scannell, JLD., 

Boston, JLvss. 

D uring the twenty-year jieriod, 1930 to 1950, n cJinicnl diagnosis of car¬ 
cinoma of the lung was made in 1,130 patients at the Massachusetts Gen¬ 
eral Hospital. In G81 of these, the presiuujitivo diagnosis was confirmed by 
histologic ei’idcncc obtained by study of the surgical specimen, autopsy, or by 
biops}' of the original tumor or its metastares. Sarcoma, metastatic carcinoma, 
and other tumors of the lung have been excluded from the present study. Of 
these 681 proved cases, 294 patient-s were subjected to thoracotomy (Pig. 1) 
and a lobectomy or pneumonectomy carried out in 171 (25.1 per cent of proved 
eases, 58.2 per cent of those o.xplorcd). One hundred and thirty-seven sur- 
rivecl resection and loft the hospital alive, 20.1 per cent of the patients in 
whom the diagnosis was established histologicall.v. In order to avoid diag¬ 
nostic error which could affect survival figures, the microscopic sections of 
the resected tumors have been reviewed irith a pathologist and tumors of un¬ 
certain origin or coll characteristics excluded. Adenoma of the bronchus 
has been recognised as a separate entity and has not lieen included in the fig¬ 
ures presented above. This has been done because, regardless of any contro¬ 
versy concerning its cell characteristics, its clinical behavior is such ns to war¬ 
rant separate consideration particularly in the light of sundval rates after 
resection. 

The patients who form the basis of this report include all those admitted 
to the medical and .surgical RerLUccs of the general hospital in whom the diag¬ 
nosis was made, as well as those individuals referred to the private dhdsions 
of the ho.spital. In the majority, the diagnosis had not been established prior 
to adinission. In histologj', age, and sex distribution, they conform to the pat¬ 
tern of the disease that has been preriously recorded in the literature. The 
follow-up on all who underwent resection before January, 1948—that is, at 
least two years prior to this study—is complete. Thus all figures relating to 
survival are based on a 100 per cent follow-up—a matter of basic importance in 
cancer statistics. The number of operations and hospital mortality for the 
years 1948 and 1949 have been added to round out the over-all picture for the 
twenty-year period. The patients treated in those two years have not been 
considered in the calculations of surWval, but are inserted to characterize the 
prerent management of carcinoma of the lung better than the series e.xtending 
back to 1930. 

before the ThlrtJeOi Annual Meetlne of The Amortcan Aasoclatloa for Thoracic 
“urcerr. Denver. Colo., April 16-18, 1950- 
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SELECTION OF OPERATION 

In the twenty-year period, 1930 to 1950, 114 pneumonectomies and 57 
lobectomies ivere performed for primary carcinoma of the lung. These opera¬ 
tions were carried out on the basis of one of two fundamental assumptions. 
The first was that the disease was a localized process and therefore might be 
eradicated by surgical extirpation; the second, that the removal of a whole 
lung or one of its lobes might alle^^ate the suffering arising from pain, hemor¬ 
rhage, or suppuration in uncontrollable cancer and thus make a limited period 
of survival more worth while. 


PRESUMED 
TO BE 
CARCINOMA 

PROVEN CASES 


EXPLORED 


RESECTED 


SURVIVED 

RESECTION 


PRIMARY CARCINOMA OF THE LUNG OVER A 20 YEAR PERIOD 

1930 to 1950 



Fig. 1. 

Both operative mortality and survival rates hai'^e been calculated for the 
entire series vdthout the usual attempt to correct for those resections under¬ 
taken when it maj" have been the estimate of the operator that the disease ha 
exended beyond the limits of extirpation, Jn tliis as in all series of operations 
for cancer, many patients have been benefited even though they have ulti¬ 
mately died of the disease. It may be assumed, however, that resections under 
taken for “palliation” only were evenly distributed between the lobectomy an 
pneumonectomy groups. 

TiTien resection is carried out under the first assumption, howevei, voth 
full hope of eradicating Avhat is believed to be a localized disease, the 
tant question is whether significantly better results can be achieved i ^ ® 
entire organ is remoAmd. The surAuval figures shoAvm throAv some light on r 
point. It should be understood that lobectomy has been carried out not 
as a local excision of a primary groAvth, but as a complete dissection o 
anatomic unit of the lung to include the adjacent lymph nodes. Theie c< 
be no difference of opinion as to the type of operation to be performe 
circumstances that require a pneumonectomy for complete excision of a pn 
ary groAvth or gi’ossly identified secondary deposits. 

Lobectomy, with remoAml of all gross eAudence of the disease, has 
considered reasonable under the folloAving conditions: (1) Avhen 
eAudence of diminished pulmonary or cardiac reserve; (2) Avhen uncer 
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ot diagnosis existed and tlic lesion in question could bo totally excised by lo¬ 
bectomy; (3) when the lesion was mnall, peripheral, and 3vithout evidence of 
Ijmipli node extension; (4) when the careinoma had extended beyond surgical 
bounds, but when the bulk of i)rimnr 3 ’ tumor could be removed bj' lobectomy 
with the hope of relieving symptoms. 

The patient’s pulmonarj’ reserve has been appraised upon clinical grounds 
rather than upon formal pnlmonaiy “function” tests. Emphysema, pulmonarj' 
fibrosis, premous ])ulmonnr}- disease, and old injuries to the chest wall have 
been taken into account and ability to perfonu the usual daily tasks without 
unusual dj^pnea taken as the measure of exercise tolerance. The apparent 
rather than the actual age of the patient has been a part of our estimate of 
pulmonarj' reserve. Diminished eardiae I'cscrve has been assumed if there was 
a historj' of congestive failure, angina pectoris, hypertension, or arterio- 
Eclcro.sis, esi)ecinllj’ when supported by cmdence of coronaiy insufficiency or 
past myocardial infarcation in the electrocardiogram or bj' cardiac enlarge¬ 
ment and tortuositj’ of the great vcs.sels in the roeutgenographie examination 
of the chest. 

Uncertainty of diagnosis has le<t to the emplojunent of lobectomy ns a 
means of e-stablishing the presence of malignant disease before accepting the 
commitment to total pneumonectomy. If tho diagnosis of cancer was con- 
fimietl and the roscotcel lymph nodes proved uninvolved, the question then 
arose ns to the need to e.xtend a lobectomj’ to a pucumoneetomy. At this point 
the operator has Irecn guided by what in his judgment constituted a reason¬ 
able effort to eradicate tho disease bj- extirpation balanced against the status 
of the patient, particularly udth respect to his cardiorespiratory function. 
Lobectomy Is not merely a local resection of tho primarj' growth. As per¬ 
formed in our hands it has included not only the lymph nodes at the level of 
the lobar bronchus, but also mediastinal nodes. For example, a right upper 
lobectomy should include the division of tho azygos vein and removal of the 
paratraeheal nodes ns well ns those lying superior to the right pulmonary 
artery anterior to the trachea. It has sometimes included resection of the 
right middle lobe with resection of the nodes lying below tho middle lobe 
bronchus. 

Small peripheral tumors with grossly negative lymph nodes have often 
been treated by lobectomy. Tho increasing frequency of these tumors that re¬ 
sults from earlier diagnosis of the disease introduces a veiy serious question 
ns to whether wide excision of apparently normal lung tissue is as vital to the 
life of the patient as the maximum preservation of his pulmonary resem'e. 

Last, some lobectomies have been performed for severe hemorrhage, paui 
secondary'to chest waU invasion, or localized infection arising from a tumor 
primary in that lobe, even though there w'ere ividespread metastases. 

In each patient the decision ns to the type of resection has been based 
upon a number of considerations that apply to the individual concerned rather 
than upon arbitrary rules dra^vn up without regard to their applicability to 
the problem at hand. 
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With this statement of general policy in the management of cancer of the 
Inng, Ave present the results of pneumonectomy and lobectomy at the Massa¬ 
chusetts General Hospital from 1930 to the present. 


OPERATH'E llORTALITY 


Among 294 patients who were explored, 171 (58.2 per , cent) had resec¬ 
tions (25.1 per cent of all proved cases). The first lobectomy for carcinoma in 
this series was performed in 1930,* the first pneumonectomy in 1933.t Among 
those who had exploratory thoracotomies only, the mortality was 10.6 per cent. 
Of 114 patients Avho underwent pneumonectomy, there were 26 hospital deaths 
in the years 1933 to 1950, an operative mortality of 22.8 per cent. Of 57 pa¬ 
tients treated by lobectomy from 1930 to 1950, there were 8 deaths, an opera¬ 
tive mortality of 14 per cent (Fig. 2). Although this means a higher hospital 
survival rate for the smaller series of cases treated by lobectomy, it should be 
noted that manj'^ of the patients who died folloAving pneumonectomy could not 
have had complete extirpation of their disease by less radical surgery so that 
the procedure Avas indicated in the face of added risk. The ages of the pa¬ 
tients who had pneumonectomies are much the same as those Avho had lobec¬ 
tomies, both as to average age and maximum ago. These figures have been 
plotted in Fig. 3. 


The operative mortality rates computed for a series extending back to 
1930 are chiefly of historical interest. A more accurate picture of the immedi¬ 
ate status of pulmonary resection for cancer is given by our experience in the 
years 1948 and 1949. In these years Avas felt the full effect of present-day meas¬ 
ures to combat infection, replace blood loss, and deal Avith cardio-resphatory 
problems, but, more important, the encouraging evidence that these patients 
were coming to surgery earlier in their disease. For comparison, therefore, 
in Fig. 2 the moidality rates are dhuded into resections performed before 1948 
and those performed in 1948 and 1949. Among 87 pneumonectomies in the 
years 1933 through 1947 there Avere 25 deaths, an operative mortality of 28./ 
per cent compared Avith one death folloAving 27 pneumonectomies in 1948 an 
1949, an oiieratHe mortality of 3.7 per cent. After 31 lobectomies in the years 
1930 through 1947, there were 7 deaths, an operatWe mortality of 22.6 per 
cent compared Avith 1 death folloAAdng lobectomy in 26 patients in the years 
1948 and 1949, an operatiA'e mortality of 3.8 per cent. The equality of distii u 
tion betAveen the tAvo types of resection in 1948 and 1949 is Avorthy of note. 


*The lobectomies In this series Include the early cases reported In 1933 olose to the 

2; 254). In the first lobectomy performed on Oct. 30. 1030, the carcinoma WM too cio jj 
hllum to nermlt the use of tho tonmlnupt tonVininno rvipn in r.ommon usage, inanjuup 


aaueroruen nau reporxea several aeatlis from mediastinal empnysema lyopp-po p-- j 
of a large bronchus at the hllum, a tube was sutured to tiie bronchial stump 
to the outside of the chest wall. The patient died of pneumonia. ’ tumor 

The patient recorded as Case 4 In the above-mentioned article Is still nHng. Ayg. 10, 

was later classified as an adenoma. The lower and middle lobes were outure. 

1931, by Intrahllar dissection and the Intermediate bronchus closed by primary s , 

tThe first pneumonectomy of this series was a single stage resection patient 

and a portion of the diaphragm for adenocarcinoma performed on Nov. u, u™- ,, home. 

(M.G.Iii, No. 332942) was discharged ambulatory on December 9 and rewraea . heallnS 
She was readmitted on December 15 and died on Dec. 24, 1933. Autopsy showed 
of the operation site but widely disseminated metastlc carcinoma. ns the 'Ht^ 

in Overholt’s case (J. Thoracic Suro. 4: 196, 1934), repeatedly re/et-rw to 
single stage right pneumonectomy,” the date of operation Is recorded as U daw tumor 

2 (Nov. 13, 1933). The patient Is reported as surviving and It has been stated t 
was subsequently reclassified as bronchial adenoma. 
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The effect of chest surveys in adding early tumors among favorable subjects 
for surgery is important. The increasing awareness of doctors and patients 
alike to the necessity for chest x-raj'- examinations followed by diagnostic 
studies for abnormal lung shadows has enabled more patients to be operated 
upon while their tumors were still in a stage amenable to resection. 

SURVIVAL 

The survival rates for patients treated by resection is presented in the 
following ways; (1) percentage of five-year survival among patients operated 
upon five or more years ago; (2) percentage survival by six-month periods up 
to five years of all patients who underwent resection. The number of patients 
entering into tliis calculation diminishes, of course, after three years as those 
cases done less than three to five years before are excluded;. (3) percentage 
survival also by six-month jieriods up to five years of patients who left the 


1iSurv‘ivDl 



Fig. 4. 


hospital alive after operation; (4) percentage survhml by six-month interva^ 
of all patients who undei’went resection, either lobectomy or pneumonec omy 
classified according to the presence or absence of Ijonph node nivo v 
noted in pathologic examination of the resected specimen; and hnnlly (J 
number of patients at present surviving among all indmduals who have un 
gone resection. _ 

There rvere 48 patients who had a pneumonectomy five or more 
and of these, 6, or 12 per cent, simuA’-ed five or more years. Similar y,^ 
wmre 21 patients treated bj^ lobectomy five or more years ago, 4, or 1 P^r 
survived five or more years (Fig. 4), 
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It is instructive to ndd the 17 lobectomies and 13 pneumonectomies that 
u'cro done for adenoma to tlio group of patients in whom these procedures 
were carried out for carcinoma. Among the patients with adenoma, there 
were two ho.spita! deaths, none Inter than 103G. There were 3 patients who 
died a year or more after Icamng the hospital, all 3 of other diseases, none 
of whom lind evidence of recurrence or distant niciastnses at autopsy. Added 
to the carcinomas they make a total of 100 pneumonectomies and 48 lobec¬ 
tomies i>erformed before 1948. The two-year survival rates, including hospital 
mortality, arc charted in Fig. 5. They raise the survival for all cases followed 
at least two years for pneumonectomy from 22 to 30 per cent and for lobec¬ 
tomy from 2G to 4G per cent. 

Returning to the problem of carcinoma of the lung e.vclusive of adenoma, 
if one considers percentage surnval by six-month peiiods up to five years, the 
curves for lobectomies and pneumonectomies are also in close agreement, 
cither according to patients who left the hospital and therefore had an oppor¬ 
tunity to surnve, or according to the total number of patients undergoing 
resection. Among the latter, the incren.scd hospital mortality in the pneumo¬ 
nectomy group during the period 1930 to 1947 increases slightly the margin in 
favor of lobectomy. 


CARONOMA 


CARCINOMA 

and 

ADENOMA 


CARCINOMA 

CARCINOMA 
and 

ADENOMA 

Effect on Survival of adding Adenoma to Carcinoma 
Cases operated on 2 or more yeors; 1930 to 1948 , followed into 1950 
(Includes hospital mortality ) 

FIk. 6. 

The rate of survival for those who left the hospital alive after resection 
for primary carcinoma has been charted in Fig. G. It shows a five-year sur¬ 
vival rate of 20 per cent for the pneumonectomies (6 patients surviving five or 
more years), and a 25 per cent for lobectomies (4 patients surviving five or 
more years). 

As might be predicted, the presence of involved lymph nodes in the opera¬ 
tive specimen decreased the long term chances of survival of the patients who 
left the hospital alive. These figures are graphically presented in Fig. 7. Of 
29 patients ivith negative nodes, 10, or 34 per cent, survived five years, and 
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there was no snrwvor nt five years among those noth positive nodes. Only pa¬ 
tients operated npon five or more years ago are considered. Of the patients 
operatwl npon nothin five years there arc 2 with positive nodes who are still 
alive more than fonr years after operation. 

Considering the survival of imticnts on an individual basis, 4 of the pa¬ 
tients who had pneumonectomies are alive and well over six years after opera¬ 
tion. Pour of those who had lobectomies arc alive and well seven years or 
more postopenitivcly, t having surWved for fourteen years. Among those 
who surrived pneumonectomy there arc 3 who died nt four and one-half, seven 
and one-half, and ten and one-half years, respectively. One died at four and one- 
half years of carcinoma of the stomach, and the other two presumably of 
recurrence of their disease. One patient died fonr years after lobectomy and 
nt nutops}- no evidence of recurrent disease was found. 


PRIMARY CARCINOMA OF THE LUNG 

Patients At Present (1949-1950) Surviving 
Of All Resected Cases : 1930-1947 
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At the present time, of the 87 patients who underwent total pneunionee- 
tomy before 1948, 19, or 22 iier cent, survive. Of the 31 patients who under¬ 
went lobectomy ui the same jieriod, 8, or 2C per cent, are now alive, and so far 
ns we are aware, free of disease (Pig. 6). 

SUMMARV 

1. The total experience with proved cases of primary carcinoma of the lung 
at the llassachusetts General Hospital for the twenty-year period, 1930 to 1950, 
has been presented. 
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2. The conditions under u'liich lobectomy has been carried out in the treat¬ 
ment of cancer of the lung are reviewed. 

3. Operative mortality statistics for lobectomy and pneumonectomy for the 
twenty-year period and for the last two years separately have been noted. In 
the past two years the operative mortality for both pneumonectomy and lohec- 
tomy has been less than 4 per cent. 

4. The follow-u]5 on the 87 pneumonectomies and 31 lobectomies performed 
before 1948 is complete. There is remarkably close agi'eement in survival rates 
for the two procedures. 

5. As might be predicted, the presence of involved l 3 Tnph nodes in the re¬ 
sected specimen has greatl.v diminished the patient’s chance of long-term sur¬ 
vival. 


DISCUSSION ON “ilULTLPLE CANCERS; PRIMARY IN THE LUNG AND OTHER 
sites'’ by dr. WILUAJI G. CAHAN, dr. frank S. butler, dr. ^^^LLIA:M 
L. W.ATSON, and dr. JOHN L. POOL;® AND “THE SURGICAL MANAGE¬ 
MENT OF CARCINOMA OF THE LUNG” BY DR. EDWARD D. 
CHURCHILL, DR. RICHARD H. S\\T:ET, DR. LAMAR SOUTTER, 

.AND DR. J. GORDON SCANNELL 


DE. AETHUE H. AUFSES, New York.—It is interesting to hear Dr. Cahan and liis 
associates present the results of their resection therapy in carcinoma of the lung, includ¬ 
ing a large number of lobectomies. When Dr. Harold Neuhof and I presented a paper be¬ 
fore this Association in 1947, suggesting that lobectomy might be an adequate operation in 
certain types of carcinoma of the lung, it aroused considerable discussion, most of which 
was adverse. For that reason I should like to show two slides, one of which shows the 
results at Alt. Sinai Hospital in patients who survived operation over a period of 13 years 
from 1935 to 1947, inclusive. 

(Slide.) Eighty-six patients survived operation; of the 8G, 52 had pneumonectomies 
and 34 lobectomies. At the present date, 17 patients who had pneumonectomy are alive and 
well or considered cured, and 13 who had lobectomy, alive and well or considered cured. 
By cured, we mean that a few have since died but we have post-mortem evidence that they 
died of coronary or other diseases four or more years after operation, and at post morteni 
no evidence of the original carcinoma was found in the body. No patient who died withm 
four years of operation is included in this group as considered cured. As you see, of 
lobectomies, 13 are alive and well, 38 per cent. In the early years that we performed t u 
operation there were four patients upon whom we performed lobectomies who would no^ 
meet our criteria today; if they were omitted from this series the percentage of 
would be 43 per cent. Incidentally, of the 17 pneumonectomies, 7 are alive after more 
five years, and, of the 13 lobectomies, 8 arc alive for more than five years. So that we 
a rather high percentage of lobectomies alive in comparison -with the pneumonectomies, 
believe that the patients with lobectomy- will hold up. 

(Slide.) We reviewed 849 carcinomas of the lung seen at Jit. Sinai Hospital 
same thirteen-year period and grouped them according to the length of time that 
symptoms—one month, two months, three months, four to six months, seven to 
months, one to two years, and longer. If we take the surrtval rate in the g^r- 

tion of symptoms periods,” we see that in the one-, two- and three-month peno 
vival rate is only 2.8 per cent; in tlie six-month period it is 3.5 per cent; and in 
year period 3.9 per cent. If we take the cases who had a longer liistory, more than 
we have the remarkable figure of 3.9 per cent survival rate, which would seem to m 

•See page 335 for article by Cahan. Butler. "Watson, and Pool. 
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that there are really two types of tumors: (1) (ho alow-growing t^Tio, the type one aeea on 
the i-ray on routine oxtunination, without a^mptoma, n small peripherril tumor. TVe fool 
that if no involved lymph nodes arc found nt opemtion. this typo Is a subject for lobec¬ 
tomy. (2) The main bronchus, rapid-growing and spreading lesion which gives early 
symptoms. 

DR. T. R. nUDSOK, Chicago .—At Hinoa Veterans Administration Hospital and 
Wesley Memorial Hospital in Chicago we are currently engnged in a study of 150 cases of 
patients snbjected to surgical treatment for carcinoraa of the lung. The study la incom¬ 
plete but nt present we hnvo been able to follow and have statistics on 114; 83 of those 
patients had pneumonectomy and, of the 83, 15 are nlive today, on IS per cent survival 
rate. Thirty-one patients had lobectomy and, of the 31, S ore olive today—25 per cent 
survdvnl. The earliest lobectomy was done IS months ago and the oldest one 13 years ago, 
in 1937. This patient had a right lower lobe removed, also a number of ribs and a portion 
of the diaphragm because of local invasion. The mortality ilguros on the lobectomy are one 
death in 31 cases; for the pneumonectomies the figure wos 4.6 per cent. That does not in¬ 
clude any cases prior to 1043. 

DR. H\’’ARTS A. GRAHAM, St. Louis.—I am sore everyone has enjoyed these two 
interesting and important papers on this very* Important subject of bronchiogenic car¬ 
cinoma. It seems to mo that the results given by Dr. Sontter, from Dr. ClmrchilPs nnd Dr. 
Sweet's clinic, show conclusively that patients will sun-ivo a five-year period after lobec¬ 
tomy in some Instances, I thinh, however, that wo shonld distinguish between what might 
be considered the ideal operation for cancer—and cancer is about the same whether in the 
lung or elsewhere—and one which theoroticftlly is not Idea! but will sometimes work. The 
statistics reported todoy arc, I would say, of no significance except that they indicate that 
some patients will survive a five-year period after lobectomy. One cannot draw any con¬ 
clusions from a small number of cases, less than several thousand, I would say, about which 
operation is the best so far as giving a high percentage of five-year survival rates, I 
think wo are likely to be misled, perhaps, by the presentation of statistics which, because 
of the small number, do not really have much aignificanco. There nro not available at the 
present time a sufficiently large nural>er of patients who have been operated upon forbron- 
ehiogenlc carcinoma, to have statistically significant figures on end results. 

I am glad, however, to have this subject brought up. There is no doubt, as everyone 
who has had experience in dealing with this disease renliies full well, that there are eases 
in which it is worth while to take a chance on a lobectomy because of the horrible situation 
in which the patient may bo left if total poouroonectomy is performed. After nil, a bad 
respiratory cripple is a very pathetic figure, nnd it is questionable whether we have done 
an act of kindness to some of those people by permitting them to live for more than five 
years, we will say, In this pathetic condition- It might be far better to take a chance with 
lobectomy in such a ease and make the patient less of a respiratory cripple than he would 
by perhaps doing a better theoreticnl operation—n total pneumonectomy—but leaving 
him so uncomfortable that life is hardly worth while for him. 

I am rather surprised, in the scries just quoted from Boston, that they have no success¬ 
ful results in cases with involved glands. In a series we studied of more than five-year 
survivals prior to 1947, we bad three patients who hod survived more than five years who 
had had involved glands. As a matter of fact, the Pittsburgh doctor who was my first pa¬ 
tient for pneamonectomy showed, when his lung was re-examine<l many years later, that 
lie had two involved glands invaded by enreinomn. He has passed his seventeenth year 
tmd ij now in his eighteenth year, well, and still practicing obstetrics. We have had two 
other patients with involved glands who have survived more than five years. 

There is one other point on which I want to **stick out my neck;" if there are any 
pathologists here perhaps they would like to say something on this to put me in my proper 
place. That is—and I just venture to put this proposition to yon—that I think that before 
^ay more years have passed, you will all agree that many times the so-called adenocar- 
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cinoma arises in -what is sometimes spoken of ns the bronchial adenoma. Therefore, when 
one makes rigid distinctions in saying that he is dealing with and discussing adenocarcinoma 
but is not saying anything at all about adenoma, I think he is making a mistake. 

DR. M. E. DE BAKET, Houston.—^It is gratifying to observe the rather good results 
obtained by Dr. Churchill and his associates following lobectomy in carcinoma of the Inng, 
I would add, however, that I am not particularly surprised at these results, because the 
mere fact that a lobectomy was done in these patients is, I think, a selective factor which 
tends to screen out the more advanced case. We know that there are a number of factors 
that affect the survival rate following resection in carcinoma of the lung. We have at¬ 
tempted to ascertain some of these factors by an analysis of our experience. On the basis 
of this analysis it was found that the most significant of all factors affecting prognosis is 
whether or not the lesion is still confined to the lung. The fact that lobectomy could he 
done in the cases just presented is an indication that the lesion was still localized within 
the lobe, and consequently had not extended beyond the borders of the lung. There is, of 
course, the possibility that in a certain number of the cases the disease may have extended 
by way of the lymphatics to the mediastinal nodes which may not have been reached bv 
lobectomy, but certainly a fair proportion of the total number of patients in whom lobec¬ 
tomy was done would be those in which there was no extrapulmonarj' extension of the 
lesion. The significance of this factor, that is, the status of the growth at the time of 
operation, is well demonstrated in our pneumonectomy, series by analysis of the cases into 
two groups; first, those in which the lesion was still confined to the lung and, second, those 
in which the lesion had already extended beyond the borders of the lung, either by exten¬ 
sion of the disease grossly to the adjacent structures or to the regional Ijanph nodes. The 
difference in the five-year survival rates between these two groups was quite significant, 
the figures being respectively about 40 per cent and 12.5 per cent. 

It is my impression that the purpose of this study by Dr. Churchill and his associates 
is not to determine whether lobectomy or pneumonectomy is the procedure of choice in car¬ 
cinoma of the lung, hut rather to learn if lobectomy under certain conditions would provide 
equally satisfactory results. Certainly, this is highly desirable information. As Dr- 
Grabam has said, most of us have had experience with patients in whom we have felt that 
lobectomy might be a less risky and, under the circumstances, the preferable procedure. 
This presentation provides additional support for that belief. The indications given b} Dr. 
Soutter showed that they have used this procedure, not ns the procedure of choice for all 
cases of carcinoma of the lung, but rather as the procedure of choice in a given set of 
circumstances. I think this is an important point to keep in mind. 

Finally, I would like to merely mention the fact, in support again of what Dr. Graham 
has said about not drawing definitive conclusions from statistics of this kind, that there are 
a number of factors in addition to the status of the growth which I have already mentione 
that can influence the results in any given series, particularly in a relatively small sencs- 
I do not think we have yet acquired sufficiently large series to permit disregard of 
variables in the statistical analysis. For example, the results can be greatly influenced .' 
the number of private cases and the number of charity cases in the series. In our 
ence, the resectability rate was some three or four times greater among private cases 
among the charity cases; this simply means that the former type of patient will 
less advanced and more likely curable lesion. Still another factor is the histologic 
and grade of the growth. Thus it has been found that the most favorable 
occurred in patients with epidermoid carcinoma, and the poorest in those with un 
entiated carcinoma, and in both forms there was a progressive rise in fatality rates 
Grade I to Grade FY. It is thus apparent that these and other variables and ^ 

weight in any series of cases may have an important bearing upon the resu s 
analysis. 

DE. ARTHUR H. AUF8ES, New York.—As you know. Dr. Neuhof and I have 
attempting to make a smwey among the members-of this Association with regar ^ 
results in resection for carcinoma of the lung, and we have sent out questionna 
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ankod for a follow-up on patients who wore alive and well six monthj or more after opera¬ 
tion; in other words, we did not want to make the task too difficult; we felt that in that 
way we would eliminate those patients upon whom operation had not materially affected the 
course of the disease. 

We have received replies on 470 patients. I would like to show the results because 
Jt adds up to a Renter number of patients than any one cHnfc or surpeon can collect, and 
the results are quite permano to the present discussion, (alido.) In the 470 patients alive 
and well six montlis after operation, 123 wore living and well two years or more after opera¬ 
tion; 04 had pneumonectomies, 20 had lobectomies. There were 145 who developed recur¬ 
rence or died within two years after operation, that Is, between six months and twenty- 
four months. Then there is the qncstion whether a two-year or thirty-month follow-up 
was a good follow-up perlml; 30 of the group of 470 patients developed recurrence or died 
after two years. Dividing them with respect to pnuemoncctoray and lobectomy, the great 
majority fell by the wayside in the third year, a scattering in the fourth year, one in the 
fifth year, and three in the sixth year. 

A pronp of 104 patients wore alive and well less thnn two years after operation; of 
course that is an indeterminate group—wo do not know which way they will go. 

(Slide.) In 123 patients living and a-cll more than two years after operation, we ha^'e 
classified thorn ns to duration of sorvMval; of 04 pnoumoncctomies, 20 are alive for more 
than five years; of 20 who had lobectomies, eight are alive more tlian five years following 
operation. 

(Slide.) Wo were most interested in the qoestion of ncnle involvement. Of the 123 
patients, there were no involved nodes at operation In 02, or 75 per cent; there were hilar 
nodes Involved in 22, or 18 per cent. As you see, the duration of survival of these 22 pa¬ 
tients indicates that at least fi arc alive over the five-year period. Of 0 patients with 
mediastinal and hilar node involvement (7 per cent) only 1 is alive over the five-year 
period, and 3 in the four- to five-year period. Then there are 145 patients who died or had 
reenrrence from six months to two years after oporatlon—i5 per cent of whom had no nodo 
involvement at opomtion. Many died with motastases in distant parts of the body which 
is probably evidence of hematogenous spread. 

We woold like to go on with this survey, and wo ask those men who have not sent 
in their questionnaires to pleoso aid us, for we would like to accumulate a largo series of 
eases. 

DR. JOHIf H. GIBBON, JfL, Philadelphia.—T am very much interested in this sub¬ 
ject. I feel as Dr. DeBakey docs. ^Micn you see the slide shon-n by Dr. Soutter of five-year 
surv’ivals, and see that there is relatively little difference l>etween lobectomies and pneu¬ 
monectomies, you might bo misled to think that the authors of the paper believe that lobec¬ 
tomy is just as good an operation as pneumonectomy for cancer of the lung. Ob\’iously, as 
Dr. DeBakey said, lobectomies can be perfommd only when tho lesion is confined to the 
peripheral portions of the lung. What wo are all Intorostod in whon dealing with cancer 
of any organ is the number of patients who survive fivo years in proportion to the entire 
number seen who have proved cancer of that organ. If, by performing a leaser operation 
such os lobectomy in certain selected eases where the lesion is confined to the parenchyma 
of the lung, one can reduce the operative mortality significantly, then perhaps one can in¬ 
crease the total five-year salvage rate of all tho patients seen with the disease. It seems to 
oe that is the Important lesson to be learned from this series. I believe that in several 
of the large series of carcinoma of the lung that have been reported, 5 to S per cent of 
the entire number have survived five years. We have a small series of 270 cases of car¬ 
cinoma of the lung seen in the last four years, and we can 8i>eak only of the three-rear sur- 
■rival rate. It is in the neighborhood of 11 per cent of all the patients seen. We have 
performed 114 resections for cancer of the lung; all but four were pneumonectomies. Oar 
Mortality rate is 22 per cent. If we could cut thot mortality rate by doing lobectomies 
m special types of cases, snch as the authors of this paper have outlined, perhaps we could 
increase our total salvage rate. 
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DE. ALTON OCHSNEE, New Orleans.—^Tliis is not the same individual malting ta-o 
discussions although it is the same team —I will admit that and I apologize. 

Although Dr. Churchill and his associates would not want to give the impression, I 
fear that this discussion may do a great deal of harm, just as the discussion which is ramp¬ 
ant at the present time in most surgical organizations as to whether one should do an an¬ 
terior resection for low-liring lesions in rectal cnreinomas. It is true that one can get bv 
with them in many instances, but ns Dr. Graham has emphasized, we are interested in 
curing patients. Everyone has emphasized this morning the desirability of doing pneu¬ 
monectomy if the lesion is not limited to the lobe. Unfortunately, at the time of opera¬ 
tion one cannot tell if the lesion is limited, and it is only after the lung is out and care¬ 
ful examination of the mediastinal nodes has been done that one knows whether there has 
been extension to these nodes. For this reason I feel that lobectomy should be limited to 
those cases in which pneunionectom}* is contraindicated, not those in which lobectomy can 
be done; but if, for reasons such as a bad cardiovascular sj'steih, or if the differential study 
of pulmonary function would indicate that the patient could not get along with one lung, 
then one should do a lobectomy, and onl}' then. 

In our series of 237 cases, only .5 had lobectomies; of the 5, 3 are dead with car¬ 
cinoma, 1 is lunng with carcinoma, and 1 apparently has no carcinoma. I would like to 
request that when people report statistics, that the statistics give all the cases operated 
upon and not only those that survive operation. Because that immediately dilutes the sta¬ 
tistics. "Why not say that these results are based upon those patients that have survived 
five years? That of those that survived five years, a certain percentage are still alive. 
Unless we include all the cases and do not consider only those that survive operation, there 
is dilution of statistics, which docs not mean a great deal. 


DR. JOHN W. STEIEDER, Brookline, Mass.—In connection with the stimulating pa¬ 
per of Dr. Cahan and his group at Uemorial Hospital, I would like briefly to recount an 
experience which has seemed to us of some interest and significance. During the past year 
we have seen three women, each of whom had had a breast removed for cancer from two to 
six years prior to the time they were seen by us. Two of the patients had been followed 
by x-ray very faithfully; one had never had an x-ray either prior to her mastectomy or for 
two years subsequently. All these patients at the time they were seen by ns showed pul¬ 
monary tumors which were suspicious of metastatic disease and all were explored. One 
proved to have an inoperable bronchiogcnic carcinoma; the other two had krone is 
adenomas for which restrictions could be done. 

This also raises the question of what to do, in view of the known propensity of car 
cinoma of the breast to have multiple metastases, if shadows are present in the chest x ray 
at the time the diagnosis of carcinoma of the breast is made. As Dr. Cahan has sugges u ) 
it would seem that we should have no hesitation, if there is no demonstration of m tiP ^ 
sites, to explore these patients at a suitable time. 


ME. P. E. ALLISON, Leeds, England.—I w-as about three miles off the 
America when I heard a sort of Indian war cry to the effect that Churchill was doing 
tomies for bronchial carcinoma. Anybody who has listened carefully to this most 
and precise paper presented by the Boston school today must agree that they are m 
still recommending pneumonectomy for carcinoma, and that thoir choice of pa len 
lobectomy is both reasonable and logical. I think it -would be a good thing if, at 
of the discussion, they emphasized their confidence in pneumonectomy as a desirn 
ment for most patients. 

It is difficult to assess the importance of the two forms of treatment when 
used for different sorts of patients and different types of disease. We must also rem^^ 
that the results of treatment for the last fifteen years are influenced bj' various 
rents. We have the antibiotics, which have had a profound influence, safe trans usio 
proved anesthesia and improved technique. The effect of these lines of progress 
in my o-wn series, for of 101 radical pneumonectomies performed for carcinoma ^ 
1940 and 1949, the total operative mortality was 23 per cent, but in 1948 it was 
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per cent, and in 3940 It Avns 4 per cent. In tlie earlr years, trouble ^'ritb the broncldal stump, 
prodneJng fistula, empyema, and nil its eomplications, turned the scale flgninst many poor 
risk patients, but in the Inst throe years the performance of 6.T radical pneumonectomies 
for bronchial carcinoma in m}’ unit has boon associntod with only ono bronchial fistula. 
Other factors which nro pertinent to this discussion aro the education of the pliysicinn nnd 
the incrensinp use of mass radiography, which bring more early lesions to the notice of the 
surgeon. Of 3,050 patients with bronchial carcinonia seen between 1941 nnd 3048, the lung 
could be removed in only 7 per cent, whereas of 178 patients seen in 3940 this end could 
he achieved In 30 per cent. 

Some further confusion jn the assessment of results of lobectomy nnd pncnmonectomy 
may occur from lack of definition of the terms. The description of the upper lobectomy, 
which Dr. Soutter has given, with dissection of the mediastinal glands, seems adequate, but 
pneumonectomy has not been defined. I Imve seen many excisions of the lung for car- 
elnoraa which, from the point of view of malignant disease, are in nowise superior to lol>ee- 
tomy. In these operations much good lung tissue is removed without a more radical attack 
on the malignant disease. "We must rememl^cr that malignant cells pass through cellular 
tissue, IjTuplintic vessels, and into lymphatic glands, nnd that only when this is gross is it 
palpable. It is easy to feel in the mediaslinmn, find a few soft glands, and say to one’s 
self that these nro not involved, but we should remind ourselves that we need a microscope 
to decide this point. To do either a lobectomy or a pneumonectomy and then pick out 
isolated glands from the mediastinum is to forget our surgical pathology. I should like to 
introduce the term ^^radicnl pneumonectomy” os applied to malignant disease, and to em- 
phosirc that all tissues removed should be removed in continuity, as wo do in other parts 
of the body, For many years now I have found it convenient to do such a radical pnen* 
monectomy In continuity, by dividing the pulmonary vessels witUin the pericardium and 
removing the pericardium adjacent to the lung root with its mediastinal cellular tissue and 
glands attached. 

In 3942, the proportion of extmpericnrdloJ and intropcricardlal dissections in my 
clinic was six to one, bnt in 1048, of 22 patients operated upon, all were done by Intmperi- 
cardial radical dissection in continuity, and In 1940, of 27 patients, 23 were treated in this 
way. At the same time os the operation has been more radical the mortality has been 
reduced from 23 to 4 per cent. 

If circumstances such as those described by Dr. Soutter justify the performance of a 
lobectomy rather than a pneumonectomy, tills also should be done with the most careful 
lymphatic dissection, but I cannot agree that the glands In the hiluni of the lung can be 
dissected as carefully with a lol>ectomy ns with a pneumonectomy. 

DB. S. 0. KREEDLANDER, Clovelond.—Sfy remarks sholJ bo confined, to the choice 
of lobectomy for carcinoma in the poor risk patient, that is, those patients with emphysema 
and low respiratory reserve- It is assumed in those cases that the more lung that is left in, 
the better the respiratory function will be. There may be some doubt regarding this. If 
lobectomy is done when there is already nn increased dead space duo to emphysema, and 
that dead space is farther increased by more distension of the lung, and then circniation 
continnes In that lung, the patient will got a mixture of blood that is more poorly oxy¬ 
genated than if the total lung were removed. Thus we may have more respiratory inca¬ 
pacity following lobectomy than following pneumonectomy in this type of patient. 

dr, LEO ELOE8SEB, San Francisco.—^It seems to me that once more the thoracic 
surgeons have said something of importance to general surgery. This paper of Dr. 
Churchill’s is verj’ Important indeed; it isn’t only lung cancer, but rectal cancer and breast 
cancer and other cancers that are involved. Perhaps by setting up rigid ideals we are do¬ 
ing something that is not entirely justifiable. Too often we are doing operations that are 
futile on the one liond and unnecessary on the other. The attempt to eradicate cancer by 
progreaaively Increasing tho anatomic limits of operation is not tho right road to follow. 
We most have some regard to what happens to the man who is olive after operation. 
What Dr. Graham said, Shakespeare said in Coriolaaus—“They that prefer a noble life 
before a long one ...” I won't give the rest of that quotation becanse it might spoil its 
pertinence here. 
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DE. JEEOME HEAD, Chicago.—Dr. Graham has just stated that the statistics pre¬ 
sented by Dr. Churchill and his associates are of very little significance. I do not agree 
•with this. Any statistics are of relative value, but at the present time these are the only 
statistics -which we have and therefore are those upon which we must work. It ■was very 
interesting to me to note that in our series of bronchiogenic carcinomas, which have jnat 
been reported by Dr, Hudson, the results are almost identical -with those of Dr. Churchill 
and his group; namely, a 25 per cent survival rate in lobectomies and 18 per cent sundval 
rate in pneumonectomies. The only way in which we are going to solve this question is by 
continuing to select cases and continuing to do pneumonectomies and lobectomies where 
each operation is either necessary or seems indicated. I am sure that further statistics 
■will show better results following lobectomy, not because lobectomy is necessarily a better 
operation for carcinoma of the bronchus, but because of the type of case which is amenable 
to lobectomy. It is our practice at the present time to remove the lung whore it is at all 
feasible. If it is necessary to open the pericardium and ligate the vessels within the peri¬ 
cardium, we do this. If it is necessary to remove a section of the esophagus into which the 
tumor has grown, we do this. After we have removed the lung, we dissect out the glands 
from the mediastinum. In all of these cases, in which the tumor is in a main bronchus close 
to the hilus, pneumonectomy is obligatory. Certainly many of the operations must be con¬ 
sidered as palliative and certainly in a very high percentage of them all of the tumor is not 
removed. The cases in which lobectomy is feasible are the favorable cases. In these the 
hilus is not appreciably involved and one can make a relatively clean dissection. I am 
convinced that the lymph glands at the hilus of the lung can be removed by lobectomy as 
well as by pneumonectomy, and certainly' the mediastinum can be dissected as well follow¬ 
ing lobectomy as following pneumonectomy. One must consider that in the individuals m 
the age group in which carcinoma of the bronchus most often occurs, pneumonectomy is 
definitely a crippling operation, ■whereas lobectomy is well tolerated and leaves the patient 
■with almost normal respiratory function. For this reason I believe that lobectomy is 
preferable where it is feasible, even though it entails a slightly' greater risk of recurrence. 
Personally, I would infinitely rather have a lobectomy with a 15 per cent chance of perma¬ 
nent recovery than a pneumonectomy' with a 20 per cent chance of permanent recovery. 

DR. WILLIAhl hi. TUTTLE, Detroit.—There can be no question but what it is an 
admirable thing to try to conserve lung tissue, but the question arises as to whether one 
should attempt too strongly to conserve lung tissue at the expense of leaving behind areas 
of carcinoma. It must be realized that wc actually know very' little about the lyunphatic 
supply of the lung. A number of years ago Dr. Francis Phillips and I carried on some 
experiments on the lymphatic supply of the lung. These were never reported because e 
war interrupted the study. In pursuing this study a particulate matter was either injcc c 
into the lung parenchy'ma or placed endoscopically in a particular lung lobe. At yaryuig 
intervals of time the nodes draining this area were chemically analyzed by a titration 
method. It was interesting to note in these studios that even when the testing 
was deposited in a lower lobe of either lung it quickly reached the carinal nodes. If 
study has virtue then it becomes e-vident that the lymphatic drainage of the lung u a 
tively rapid process, and that under such circumstances pneumonectomy in the patient wi 
cancer may offer a more curative procedure than lobectomy. 

DR. CAHAN (closing).—I would like to thank Dr. Strieder for having raised our? 
from the rank of the forgotten paper. 

DR. CHURCHILL (closing).—You -will find that the published version of 
carries no conclusions and no recommendations; it is a simple statement of fact® 
servations from which you can draw your own conclusions as obviously you have 
done. The purpose is to present the raw data, without any attempt whatsoever 
cases or to divide them into those we thought we were going to cure and those o 
we thought we were going to make the remaining span of life more tolerable. to 

It is obvious that many' variables determine the results in any individua e^^ 
control cancer of the lung. Some of these variables can be identified today; ot era 
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not even ^anpect. The extent of the ronioval of potentially in\'nded IjTiiphntic pathway’s 
and refrional lymph nodes is, of course, ono variable that is of prime concern to the Hurgeon. 
It ifl receiving nev omphasij« today in all cancer fmrgerj*. We must renJite, however, that 
we are In oor infancy In knowledge concerning the lyrapliatic structures of the lung and 
hilum. Ko precise study has heen nmdo of the normal pathways of lymphatic flow in the 
difTerent segraonte of the lung. htr. Allison’s remark was verj' ai)t and 1 agree that a total 
pnenmonoctomy may be performed In a way that makes it less efToctivo in removing lym¬ 
phatic pathways than a lobectomy, combined with a mediastinal en hloc resection. 

Other variables must include any diflTerontial mortality rate inherent in operative 
proce<lure8. If n patient succumbs to operation, he achieves no benefits from having been 
rid of his cancer. There is also the mutilation of function touched npon by Dr. EJoesser. 
The time that elapses Ijctwcen the inception of malignancy and Its excision is, of course, a 
potent variable. 

The prowess of the individual surgeon, nssnming a reasonable degree of competence, 
is probably the least significant of all the variables. Wo arc all doing almut the same job 
with about the same results. 

Certain \*nriablos that we as yet arc not in a position to appraise are just coming over 
the horizon. These center on what is called the “degree of malignancy” which is pre¬ 
sumably an ex|)rcsaion of interrelationships between nbnomml cell nnd host. This Is 
expressed ns the power of autonomous growth nnd nldllty to invade and metastasize. Per¬ 
sonally, I am quite prepared to see now knowledge completely chango the relative emphasis 
that wo os surgeons now assign to the variables on which we set such great store. 

Further, in all series of cases of cancer of the lung that have been reported, we must 
look with great humility upon the small number of cases that we can resect today, what' 
ever operation we employ. An outsider looking at any grouping of results could well draw 
the eoncluiiou that in arguing about the extent of the operation measured in centimeters, 
we have lost our way among the trees that make up the forest. 

I am sorry Dr. Bienhoff is not here. We have had this argument of lobectomy vs. 
pneumonectomy, back and forth for years. It started at Saranac Lake when I took one oT 
his slides showing the lymphatic system of tho hilum and compared it to a swamp or a 
morass, I liavo been called a scoundrol and a mseal for the last twenty years for saying 
that under certain circumstances I elected to iwrforra a lobectomy for cancer, ifanr visi¬ 
tors both from this countrj* and abroad have discussed this matter with me and their com¬ 
ment very often hns been, “I ani glnd to soe that you do a lobectomy occasionally, because 
I do too, but I don’t dare say so,” 



A STUDY OP PUDMONAEY HEilODYNAillCS 
DURING PULjMONARY RESECTION 

HAR^•EY J. jMenDELSOHX, i\LD., AKD HexRY A. ZlMMERlLVN*, M.D., ClEVELAET), 
Ohio, axd (by inxitatios ) Arthur Adelsian, M.D., ICaksas City, Mo. 

C ardiac catheterization has made accessible the study of pnlmonary arteiy 
and cardiac hemodmiamies in Inunan subjects noth a negligible risk. Coar- 
nand, Riley, and Himmelstein* have studied pulmonary hemod.^^lanues before 
and after pneumonectomy, in human beings, but have not observed the changes 
occurring during the actual operative procedure. ScarfU recorded puhnonarr 
artery pressures during and after pneumonectomy in dogs. We have under¬ 
taken the study of pulmonary hemodynamics during pneumonectomy in seven 
cases, during lobectomy in tu’o cases, during e.Yploratory thoracotomy for in¬ 
operable carcinoma in one ease, and during local resection of a portion of one 
lobe in one case. Five patients have been restudied rtvo to six weeks after 
operation. 

METHODS 


A catheter was placed in the pulmonary artery opposite to the one to be 
ligated, approximatel.v one hour before the induction of anesthesia. Basal 
cardiac outputs were determined by the Pick principle and initial pressures 
were recorded. The electrocardiogram, phase of respiration, and femoral or 
brachial arterial pressures were recorded simultaneously by means of a six- 
channel direct wndting oscillograph. Subsequent observations were made at 
fifteen-minute intervals throughout the entire procedure, including the immedi¬ 
ate period of ligation and after the closure of the chest. Using the Sanborn 
Cardioscan, the electrocardiogram was visible throughout the entire procedure. 

In three cases, in which pneumonectomy Avas not done, the pulmonar.v ar¬ 
terial pressure measurements were obtained after temporary ligation of the 
pulmonary artery. In one patient a right lower lobectomy was done but the 
main pulmonary artery was not isolated. In the remainder of the patients, 
pneumonectomy was done. The pulmonary ai-tery was firet isolated and tem¬ 
porarily ligated, the ligature was then released. In one case the pulmonart 
veins were then isolated and Avere also temporarily ligated, and pressure I’ca 
ings recorded. When no appreciable change Avas found, this procedure was 
abandoned. The pulmonary artery Avas then ligated and divided between hga 
tures and the pulmonary A'eins were then ligated in order and divided betueen 
ligatures, and pressure readings taken folloAsdng each ligation, and at the eu 
of tlie procedure. EleA'en days to six Aveeks after operation, pressures were 
again determined in fiA’e patients. _ 

In one patient a catheter Avas temporarily introduced into the pij • 
vein that was to be ligated and thence into the left auricle (Pig- !)• 

From tlie Cardlovascvilar laboratory, Cleveland Citj' Hosptol, TJo^pItal. D®* 

AA’^e^tem Reserve University, and the Tlioracic Surgreiy Division Cleveland 
partment of Surgery, Western Reserv-e University. TlioracIc 

Read before the Thirtieth Annual MeeUng of The American AssoclaOon 
Surgery’, Denver, Colo., April 15-lS, 1950. 
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cant clinngo in left atrial pressure occurred during or immediately after ligation 
of the pulmonarj’ artcrj' and veins. 


RESULTS 

During the induction of anesthesia, both the systolic and diastolic pressiu-ea 
in the pulmonary- artery rose and this in some patients continued throughout 
the prcligation period. The increase in diastolic pressure was greater tjian the 
8%’Btolic, averaging in the former 70 per cent and 36 per cent in the latter. 



t'lS. 1.—Dloflrmni of cotheton In position for tnklnc pulmonorj’ artor>' and left auricular 

preMures. 

The rise in sj’stolic pressure on lipartoii mnged from 18 to 70 per cent, tlio 
average being 40 per cent. The diastolic pressures rose from 16 to 33 per cent, 
except in tlirce cases in wliich a decrease in diastolic pressure from 13 to 41 per 
cent was noted. There was a greater change in prcssui^c, as a rule, when the 
right pulmonary arterj” was ligated as compared to the left pulmonary arterj'. 
In all except one case the pressures returned toward normal at the end of the 
procedure. 

Table I lists the results and Pig. 2 shoe's the pitlmonaiy' pressures graphi¬ 
cally in Case 8. 

Case No. 6 (F, K.)—TliJii imtient dMervea special comment. A oOyear-old white mnn 
had a small peripheral squnmous-cell carcinoma of the left npper lohe which had manifeatod 
itself l>y severe hemoptysis. He was evaluated as a poor operative risk because of low 
cardiorespiratory reserve. This ^ra8 evidenced by dyspnea on slight exertion, and a vital 
capacity of 42 per cent. Pulmonary artery pressure was twice nominl but conld l>e lowered 
iij” Intravenous ominophyllln. Zimmerman and Bcott* have shown that ominophyllin in¬ 
travenously will significantly lower pulmonary hjiiertension due to a variety of causes. 
Because of this response to nrainophyllin and boceuse the electrocardiogram was normal 
and he had not been in congestive failure it waa decided to operate upon him. A left upper 
lolwctomy was done to preserve ns much pulmonary function ns possible. Fig. 3 shows the 
pulmonary artery pressures. Pressures rose with ligation of the lobar vessels and remained 
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Pre-operfttlve, Thorax open. Pulmonar)^ artery tenjporarlly tied. Pulmonary artery 
permanently tied, Thorax cioied, 6 Weeks post-operative. 

Fig, 3 (Patient No. .5, F. K.).—Graph ot changes In systolic and 

pressures In millimeters of mercury showing marked postoperau^e 


artery 
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elevated. Kc had n atorniY postoiMimtive rourae idtii alow re-cipnnaion of the lower lobe. 
Ho went Into conRoativo failure and wna brought out partially by digitnlla, aniinophyllin, 
and hlercnhydrin. Six weeka after tho operation the pnlmonarj- hi'pertenaion had increaaed. 
He came back to the hoapital and died eight wcoka after operation in congeative heart 
failure due to cor pulmonale. 


DISCO8SI0.V 

Hicknm nnd Cnrgill' sliowetl that emotion and apprehension tvoiild elevate 
pulmonary artery pressures in unnncsthetiKcd patients. Blotley and associates" 
allowed that pulmonary artery pressure rose during ano.xemia induced by hav¬ 
ing patients breathe 10 per cent oxygen. This may bo the explanation for the 
rise in pressure we observed during induction of anesthesia. 

Although one would expect the ligation of one pulmonary artery to throw 
a heaiy burden on the rest of the pnlmonarj' vascular bed and be reflected in 
cardiorespiratory signs elsewhere, cliniealij’, this is rareh’ the case. At pneu¬ 
monectomy, when the pulmonary artery is ligated, the sj-stemie blood pressure, 
pulse rate, and re.spiratorj' rate and rhj'thm seldom change appreciablj'. As 
demoiLStrated in our .series recorded here and b.v Cournand and co-workers," 
persistent elevation of pulmonary artery pressure following resection is not com¬ 
mon. Our onlj' case occurred in a patient, who had an elevated pnlmonarj’ 
artery pressure preoperativcly. 

One might theorise that this patient’s preoperative pulmonary artery hyper¬ 
tension was equivalent to a 50 per cent or more constriction of the pulmonary 
arteiy. Tigerstedt," Fineborg and Wiggers,’ Gibbon, Uopkinson, and Churchill,* 
and others have demonstrated in acute animal experiments that when the pul¬ 
monary artery is constricted more than 55 per cent, circulatory failure begins 
to occur. Thus in this patient further diminution of the pulmonary vascular 
lied by left upper lobectomy could have been a major factor in precipitating 
congestive cardiac failure in a patient with cor pulmonale. The determination 
of pulmonary artery pressures moj', therefore, bo of help in evaluation of poor 
risk patients for pnlmonarj- resection. 

SUMMARY 

1. Eleven patients have been studied by intracardiac catheterization of the 
pulmonary arterj’ during pneumoneetoraj' and other intrathoracic procedures. 

2. During induction of anesthesia pnlmonarj' artery pressures rose. The 
average increase in the systolic pressure was 3G per cent and in the diastolic 
pressure was 70 per cent. The average increase in tlie sj-stolic pulmonarj' artery 
pressure at the time of ligation was 40 per cent; the diastolic pressure was in¬ 
creased an average of 5 per cent. 

3. In seven patients who had pneumonectomy, the pressure returned to 
normal or near normal at tlio end of the procedure. 

4. In one patient who had a lobectomy, tlie pressure remained elevated and 
the patient died of cor pulmonale and congestive failure. 

5. Catheterization of the pulmonary arterj- in man may prove to be an 
important adjunct in evaluating poor risk patients for pidmonary resection. 
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DISCUSSION 


DE. AARON HIAIAIELSTEIN, New York.—^Aly comment on this paper is based on 
studies in Dr. Cournand’s laboratory at Bellevue Hospital. The results reported by the 
essayist concerned only pulmonary arterial pressures. In any' study on circulation the 
blood pressures reflect the relationship of flow and resistance. Wlien Dr. AIcAIichael was 
in this country last spring, he told us that Sharpey-Schaefer had demonstrated a consider¬ 
able increase in cardiac output during cyclopropane anesthesia. So far ire have not found 
this information in published form. 

I would like to show one slide which bears on the problem of flow and pressures in 
the pulmonary circulation (slide). In this slide the circles represent data in normal sub¬ 
jects. The flow is calculated as one-half of the normal cardiac output; that is the flow 
through one pulmonary artery. The open circles represent the resting state, the flow bemg 
about 1.5 to 2 liters. On mild exercise the flow in these patients increased to 3 liters; on 
exhausting exercise it went up to about 4 or 4.5 liters without any rise in pressure. There¬ 
fore, the normal pulmonary vascular bed is adaptable to these changes in flow without nse 
in pressure. The pulmonary capillary bed is unique among all the other capillary beds m 
that it is exposed to atmospheric pressure and does not receive any support from surroun 
ing structures. In the same slide the triangular figures represent patients who haie a n 
pneumonectomy. In these patients the remaining lung was shown to be normal by s u ' 
of pulmonary function. At rest the cardiac output of 3 to 4 liters goes through one unfl 
only. It is seen that the pressures were normal. When these patients did a mo era e 
exercise the flow through one lung was in excess of that through each lung of the 
subjects when performing an exhausting exercise. Then the pressures began to rise, 
feel that this break in the curve defines the limits of distensibility of the pulnion 
vascular bed. 


DE. WILLIAAI E. ADAAIS, Chicago.—We have been interested in this 
some time. I think Dr. Alendelsohn has given us some excellent information in . 

the pressure in the pulmonary arteries. We have attacked this by determining 
sure within the right ventricle; of course the object is the same, to determine in p 
who need pulmonary resection for neoplastic, inflammatory, or congenital lesions, 
what their “resection tolerance” might be. . . ^ this 

(Slide.) We have been able to get our equipment together only in j-esults 

on five patients, and the results are shown here in four. As he has told us, 
of changes in pressure have been about as he has indicated except that they ar^^ 
right ventricle. They^ changed relatively little, as you see, in most cases, two gur 
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pivon ofl fin avompc. Tho.^o arc tnkon juat before, durinp, and after Hgntion of the pulmo- 
nnrj’ nrtor}’. Only the flrat cape wna actually a pneumonectomy; the otliora happened to be 
inopomble enreinomaa and the pulnionari' nrterj' iraa temporarily occluded, determining 
the prefwurca. 

In the fifth crm, n patient wlio had previously had a pneumonectomy for several 
arteriovenous fistulas, and had sulisoquontly developed three or four other fistulas in the 
remaining lung, vro removed only that portion of the Jung where the fistulas were located. 
In this case there was n very marked rise of ventricular pressure in tlie right ventricle 
daring the stage of induction of anesthesia, and somewhat less during the operation. The 
pressures wore the same nt the end of operation as at the beginning. Dr. Carlson and 
Dr. Charbon, my nasociatos, have been working on this problem in animals. It is not yet 
ready for a complete report, but we can tell from the work so far that the pressare in the 
right ventricle will begin to Ifceome elevated nftor CO per cent of the lung has been re¬ 
moved. ■\Yhen resection is carried further nt a second operation, and it i(^ removed to the 
extent of about 75 per cent, the pressures mny go up as much as 100 per cent. This eleva¬ 
tion is sustained. If it Is carried further, leaving only one lobe, an upper lobe inflated, the 
pressures will go still higher. 

A number of these animals have sur\'ived and have been followed for several months. 
The pressures have remained elevntetl. Wo cannot compare a normal dog’s lung with the 
lung of a patient of advanced years where there is emphysema and degenerative changes. 
I would consider that a dog with 50 per cent of tho normal lung removed might be in 
al*out the stage of n patient nt the beginning, when wo are faced with his therapy. From 
that standpoint, if wo can determine a means of measuring his pulmonarj* resection toler¬ 
ance by a test such ns this, it will help us, especially in those cases where we have a choice 
of operation. 

DR. JEROME HEAD, Chicago.—These studies have Ijecn verj- interesting in that 
they have helped to explain certain things which I have observed at operation. Not infre¬ 
quently nt the presoDt time in resecting the long one finds it necessarj' to open the peri¬ 
cardium and ligate the palmonarj* vessols close to the chnmlters of the heart. In a number 
of the cases In which I have done this, I have noted that the heart hemiatee through the 
pericardium, often to such an extent that one fears for its integrity. This means that at 
this point in the operation the heart is attempting to dilate and that it is being restricted 
by the pericardium. It moans, in other words, that often during a pneumonectomy there is 
a definite cardiac tamponade. Tlio observation suggcats tJiat the pericardium has a very 
definite function in preventing overdilalation of the heart and that under conditions of 
extreme strain it confines the heart within reasonable limits and prevents cardiac damage. 
It suggests that one must consider the pericardium ns an elastic capsule which stretches 
quite rapidly but quite gradually, permitting sudden strains which are thrown upon the 
heart to l>e accommodated gradually rather than suddenly. 

DR. MENDELSOHN (closing).—I wish to thank Dr. Himmolstein, Dr. Adams, and 
Dr. Head for their comments. Wo arc pleased that Dr. Adams* findings confirm ours. 
However, wo do not rreommend leaving a catheter tip in the right ventricle for any 
length of time. This Is dangerous and may produce ectopic bents or rhythms. 



CONSERVATIVE MANAGEMENT OF EMPYEMA 
FOLLOVMNG TOTAL PNEUMONECTOMY 

Edward M. ICent, M.D. 

Pittsburgh, Pa. 


T horacic empyema as a complication folloAving total pneumonectomy 
has been a very disturbing event although one of decreasing frequency in 
recent years. In the majority of instances such a complication has been asso¬ 
ciated Avith a bronchial fistula, although about one-third of the cases to be 
reported herein did not have demonstrable leaks in the bronchial stump. 
Heretofore, it has been vddespread practice to combat such an empyema by 
the application of established principles of surgical management. Since there 
is no longer a lung to be expanded, thus obliterating the infected pleural 
cavity, a radical thoracoplasty has been employ’^ed to achieve this end. It has 
been our experience that a conservative regime employing local instillatiou of 
antibiotics has made thoracoplasty unnecessary^ in the majority of patients 
treated. It is apparent that these observations are at variance uath our con¬ 
cepts of the established rules in the surgical management of thoracic em¬ 
pyema ; nevertheless, the results of this therapeutic i-egime have been very 
favorable in a small series of 19 patients. 

There has been a certain amount of discus.sion concerning the role of a 


bronchopleural fistula as the cause of infection of the pleural space. Some 
believe that a postpneumonectomy infection of the pleural space which is asso¬ 
ciated with a leak in the stump of the bronchus can be considered to have 
occurred as a result of contamination from the tracheobronchial tree through 
the opening in the bronchial stump. Others believe that the bronchial fistula 
is the result of infection, either at the site of the closure of the bronchus oriu 


the empty pleural space. It is my opinion that either sequence of events may 
take place and that, as a nxle, a bronchial fistula which occurs vdthin the fil'd 
ten days after operation is a time failure of healing in the bronchial stump 
and that the associated empyema is of secondary origin. On the other ham, 
in those instances of a later leak in the bronchus, usually from three to 'e 
weeks after pneumonectomy, the cause is most commonly infection ni s 
pleural caxity with an empyema which escapes through the recently eao 
bronchus. In these day^s of antibiotics, such an empyema is often essentia y 
silent. Since the patient is almost always at home by this time, it has 
unsuspected in most instances until the bronchus opens. Yet, the ewdences 
established infection are usually present at the onset of the bronchia 
with purulent fluid present upon thoracentesis and in the expectorated ma er 
1 For purposes of analy^sis, the patients eompidsing the series to e 
sented herein have been divided into two groups. The first group u 
those which presented'an open bronehus and the second gi'oup is compose 
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those patients who developed thoi-ncic empyema follo\ving pneumonectomy 
without demonstrable bronchial fistulas. The period of observation extends 
over the past sixty-four months. 

GROUT I. E5IPVE.MA .VSHOCIATKD WTTII nRONOHUL FISTULA 

Thirteen patients have been treated for thoracic empyemas accompanied 
by a leak of the stump of the bronchus. Success has hinged upon the fact 
that in every instance the bronchial fistula healed after institution of surgical 
treatment by means of a rib resection and open drainage. Closure of the 
bronchus has occurred irithin ten days after drainage had been established. 
This observation alone has been mo.st satisfj’ing and I cannot be certain of the 
causes of these ob.servations. For repair of the bronchus at the time of pneu¬ 
monectomy I have employed standardized techniques for the most part; never¬ 
theless, a reidew of the method is in order. 



1.—A. Closure of the bronchun at It It ee\*ered. No olompi are applied to proximal 
stump of bronchus, 

__ A tecond row of continuous tutures It employed to fold the ttump of the bronchus 

“l»n Itself. 

C, A row of Interrupted silk tutures Is pliice*l In bronchial ttump. 

D, Bronchus It buried in the mediastinum. 

Clamps on the proximal stump of the bronchus are avoided (Fig. 1, A) 
and a continuous suture of chromic No. 0 mvaged on a cun-ed intestinal needle is 
placed along the open end of the bronchial stnmp, step b.v step, as the bronchus 
•a severed. This achieves approximation of the walls of the bronclms at the end 



376 


THE JOURNAL, OF THORACIC SURGERY 


in precise fashion by means of shallow bites with the needle. AVheii tins row 
has been completed, the same sntnre is carried back across the end of the 
bronchus using deeper bites and folding the end of the broncliial stump over 
upon itself (Fig. 1, B). Last, a row of interrupted fine silk sutures is placed, 
and these are tied over the end of the bronchus (Fig. 1, C). The closed bron¬ 
chial stump is then buried in the mediastinum by approximating the mediastinal 
pleura and whatever connective tissue is available and suitable for the purpose 
(Fig. 1, D). 

It is not always possible to fold the end of the bronchus over upon itself. 
In some instances the stump is too short to permit folding, especially when 
pneumonectomy has been performed for carcinoma, and particularly when a 
right pneumonectomy has been done because of the short stump usually avail¬ 
able on that side. Furthermore, the oldei- the patient the more rigid the wall 
of the bronchus is likely to be and accordingly, less easily folded upon itself. 
I have no records to indicate which of the patients in this group had the 
benefits of folding over of the bronchial stump upon closure and which, if any, 
did not. When it was not possible to double the end of the bronchus upon 
itself, the closure was as described above in all other respects. 

The steps in the plan of treatment consist of the following: 


1. Thoracostomy for surgical drainage. 

2. Instillation of antibiotics through the di’ainage tube after 
the bronchial fistula has closed. 

3. Removal of the tube and continued instillation of anti¬ 
biotics into the ])leural cavitv’- through the chest ivall. 


In the presence of a lironchial fistula, cultures of the empyema fluid cus¬ 
tomarily reveal mixed infections to be pi’esent. Once the opening in the 
bronchus has closed, antibiotics are instilled into the pleural camty through 
the drainage tube. An empirical dosage including 200,000 units of penicillin 
and one-half gram of streiitomycin has been employed in a single daily adnun- 
istration. This is continued until the drainage has become reduced in volume 
and less purulent in character. Cultures are taken periodically and when the 
preceding changes in amount and character of the drainage can be coup e 
wth baeteriologic cultui-es yielding a change of flora, the drainage tube is 
removed. Thereafter, the same dosage of antibiotics is instilled into t e 
pleural space through the chest wall, usually in the second interspace nn^ 
teriorly^ The change in flora noted previously commonly shows one of t e 
staphylococci or other organisms which may be considered as contaminnn 
The time period for this step has averaged ten days. 

In some instances, loculations and fibrin masses mil be present m 
pleural cavity when the bronchus has healed. Under these circunistanc^i 
Dakin’s solution has been employed as an irrigant- tmee daily until t 
pyema space has been cleansed of all such media for bacterial groivth. 
roscopic examination and thoracoscopic inspection through the dramage 
will yield the necessary information in this regard. Antibiotic theuipy^^ 
delayed until this has been accomplished in those instances in wFich locu a 
and fibrin deposits have persisted. 



KKXT: CONSERVATm: IIANAQEMENT OF EMFYEJIA AFTER PNEUIIONECTOIIY 377 


Once the tube has been removed, the use of antibiotics by injection into 
tlie pleural oaAUty is eontinued ns a single dnilj' dose for one week. The pa¬ 
tient is then observed a few additional days for any evidence of fever and by 
fluoroscopic examination for indications of an increase in the amount of fluid 
in the pleural cavity. In no ca.se has cither finding been observed. 

In this group of 13 patients, the fistula occurred Avithin ten days in G, 
and after a longer period in 7 (Table 1). As has been stated previously, the 
fistula closed in each instance after surgical dramage had been established. 
One patient experienced a recurrence of the emiiyema three and one-half 
months after release from the hospital but without reopening of the bronchus. 
He was treated successfully a seeond time by the same method and has re¬ 
mained well for twenty-two month.s. A second i)atient had a recuirence of 
empyema without fistula and has refused to undergo a second coiuDe of treat¬ 
ment or a thoracoplaaty. He is still wearing a drainage tube. A third patient 
was treated as an ambulatory out-patient, at my suggestion, by his personal 
physician. A I'ceurrencc was experienced shortly after the tube was removed, 
which was successfully treated at a Inter date. The details of this case are to 
ho presented more completely beennso of the unusual obserA-ation that the 
empyema firat occurred nineteen months after pneumonectomy. A fourth pa¬ 
tient was treated by this method but the character, volume, and cultural find¬ 
ings were not infiuenced by therapy and a thoracoplasty was performed. At 
the time, neither bacitracin nor aureomycin was available and in the light of 
recent experiences, I believe he might have been treated successfully by these 
newer antibiotics. This case will be presented in some detail also because the 
empyema occurred eight mouths after pneumonectomy had been performed. 

Therefore, in this gi'ou]) of 13 patients, 11 were cured of empyema by 
conson'ative means while 1 required a thoracoplasty and 1 is still carrying a 
thoracostomy tube after a recurrence of empyema following therapy. Two 


Tabi.c I. Rcsci.ts or Totatucst in TiimTKSN Patients Wno ttmLorEp BnoNoniAi, 
FisTuum AND EurvEJiAs ArrEn Totai. Pnehmonettoiiv (a Mixed 
Infection Was Phesext in All Oases) 


rATIEKT 

AQB 

(tears) 

PATIIOLOOV 

O.S'SET OF 

bupteua 

AFTER PNEO- 
MONECTOUY 

RESDLT 

COUIIENT 

1. \V. 0. 

28 

Lunp aliACCM 

.S Diontlis 

Failure 

Tliomeoplofrty 

2. O.K. 

CO 

Cnrcinoma 

19 raontliB 

Cure 

1 recurrence, cured 

3. W.B. 

w 

Carcinoma 

5 n-eeks 

Recurrence 

Rofusea further 
treatment 

4. A, J. 

00 

Carcinoma 

10 days 

Cure 

Succewful treat¬ 
ment after one 
recurrence 

6. B.L. 

C2 

Caromomn 

8 dft)*a 

Cure 


0. P.B. 

4fi 

Carcinoma 

7 doys 

Cure 


7. E. D. 

49 

Carcinoma 

30 dajTi 

Cure 


a. J. R. 

30 

Broncliiectoflb* 

9 days 

Cure 


0. L.8. 

50 

Carcinoma 

R days 

Cure 


10. J. B. 

48 

Multiple nl.tfce»5«^ 

4 \reeka 

Cure 


11. R.B. 

40 

Carelnonui 

6% weeks 

Cure 


12. J.K. 

20 

Bronchiectnflls 

4% week* 

Cure 


13. B.F. 

39 

Tmntr nlt'cess 

6% weeks 

Cure 
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additional patients in this group experienced recurrence of the empyema but 
both were cured by a second course of therapy. 

Bacteriologic control of progress of treatment can be provided with ease 
in most instances during the last phase of therapy. When the needle is in¬ 
serted into the pleural cavity for the purpose of injecting the antibiotics, a 
specimen of the pleural fluid may be obtained first and culture studies can be 
made. This also permits obsei'vation of changes in the gross character of the 
residual effusion. Usually, the fluid soon becomes thin and clear but retains 
the color of the antilnotics. However, in three patients, aureomycin has been 
introduced into the cavity and the fluid has become grossly bloody in each 
instance. 



Fig. 2. Fig. 3. 

Fig. 2.—Roentgenogram of chest showing large, thick-walled cavity In lower left lung. 
Fig. 3.—Roentgenogram of chest showing fluid level In left thoracic cavity and Infection 
of remaining right lung. 


CASE REPORTS 

Case No. 1.—W. C., male, aged 28 years, was admitted to the hospital with syroptonis 
of pulmonary suppuration which had persisted for three months. The cause of onset was 
unknown, hlarked pulmonarj^ osteoarthropathy was manifest in many joints. A cie. 
film revealed a large, thick-walled cavity, apparently limited to the left lower lobe. A ter 
thorough studj', a diagnosis of pulmonary abscess was made and an aggressive couree 
therap 3 ' was pursued. Despite adequnte treatment, the abscess cavitj" persisted (Fig- ^ 
and the symptoms continued with little change. Accordingly, resection of the left ow 
lobe was decided upon and operation was performed April 7, 1948. At the time 
tion, it was established that the abscess cavitj* had extended across the interlobar su ^ 
into the lingula of the upper lobe and that a large excavation had occurred in this segm 
A total pneumonectomy was performed and an uneventful convalescence was mar' 
very rapid disappearance of the signs and symptoms of pulmonarj’ osteoarthropatliy. 
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montlJB later, the patient was rondralttod to the lionpital. lie then presented a historv of 
very marked recurrence of the s^Tuptoron of pulmonary suppuration with the onset havinfj 
taken plnco ten dnys previously. Clinical ovnluntion soon demonstrated the presence of 
empyema (mixed infection) in the left plournl space, an associated jlstula in the bronchial 
stump, and spill-over infection of the ri|»ht lung (Fig. 3). Drainage of the loft empyema 
was perforrao<l at once nnd bronchoseopic aspiration for the infection in the right lung 
soon followed. Rystemic antibiotic therapy had been instituted upon ndniission to the 
hospital. Tlio infection in tlie right lung cleared rapidly and the Astula in the bronchial 
stump closed within seven days. Attempts wore made to employ the conser\’atlve regime 
of antibiotic therapy by instillation into the plenml cavity, using both penicillin nnd 
streptomycin. The volume, character, and culture characteristics were not affected by 
treatment and a thoracoplasty was performed. If aureomycin or bacitracin, or both, had 
been nvailnhlo for use, it luiglit well have been possible to avoid thoracoplasty. 



Flff. 4. Elc- 6. 

Fig-. 4. —RoentgenoflTam of chest showing mass In loft upper lobe. This was proved to 
be duo to squnmous-coll cardnoma. 

Fiff. a.—Roontgenoffram of chest showing ompty left thoracic cavity after eracuatlon of 
of contents through the stump of tho bronchus twenty-two months lonowlng total pneu¬ 
monectomy. 

Caae No. 2.—0- R., male, aged 50 years, was admitted to the hospital ou April 4, 
1047 with a history' of cough, expectoration, and hemoptysis of three months' duration. 
Clinical study established a diagnosis of squnmons-eell carcinoma, left upper lobe bronchns 
(Fig. 4). A left total pneumonectomy was performed on April 11, 1047, and an unevent¬ 
ful tonvalescBuco followed. Nineteen montha latei, theio was sudden unset of fever of un¬ 
explained origin which waa treated by penicillin, anreomycin, and streptomycin in large 
doses. The fever persisted until early Februarj', 1040, at which time the patient coughed 
up a large quantity of bloody pus. Thereafter, cough persisted but the temperature was 
normal. He was readmitted to the hospital on March 3, 1940, and clinical study revealed 
aa empyema on the loft side (Fig. 5) with a fistula In the bronchial stump. Rib resection 
Was performed and open drainage was established. The bronchial fistula healed promptly 
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and the patient was released from the hospital after arrangements had been made for 
treatment of the empyema cavity by instillation of penicillin and streptomycin under the 
guidance of his own physician in his homo city. However, when the tube was removed, 
a recurrence of fever was noticed within twentj’-four hours and the tube was reinserted hv 
his physician within seventy-two hours. The patient elected to carry the drainage tube for 
eleven months, after which he returned to the hospital under ra}' care for a thoracoplasty. 
After discussing the problem, the patient elected to accept one more attempt to correct the 
left empyema by conservative means. Since both penicillin and streptomycin had been 
introduced into the thoracostomy tube daily' during the entire period, it was assumed that 
the invading organisms had developed resistance to these antibiotics. Consequently, it 
was decided to employ bacitracin in doses of 2.5,000 units daily as long as the drainage tube 
was in place. After the tube was removed, this drug was reidaced by aureomycin (soluble, 
for parenteral use) in doses of 100 mg. daily’ into the pleural cavity. A good result was 
achieved on this attempt and the patient has been well for four and one-half months. 
Since the first empyema was so Into, it may be said that it is still too early to be certain 
of the end result. 

In addition to this group of 13 patients who have developed empycaias and 
bronchial fistulas after total pneumonectomy, tliree more instances of leakage 
of the bronchial stump have been experienced but none has been treated by this 
method for differing reasons. One patient died of suffocation on the day the 
bronchus failed (fifteen days after pneumonectomy for carcinoma). A second 
patient never developed infection of the pleural space, and a plastic closure of 
the bronchial fistula was performed. The third patient still lias a bronchial 
fistula which occurred one month after right pneumonectomy for carcinoma in 
September, 1949; there is evidence of advancing metnstases and I suspect that a 
recurrence in the stump may have caused the fistula and probably explains the 
failure of the bronchus to heal. 

GROUP II. ENPVEJIA WITHOUT BRONCHIAL FISTULA 

A group of 6 patients have been observed, all of whom have developed em¬ 
pyema following total pneumonectomy but without evidence of a leak in the 
bronchus. With the exception of one patient, all wei'e proved to have a pure 
infection after culture studies (Table II). In each iustance, the empyema was 
not manifested for at least a month after operation. The same program of treat- 


Table II. Results of Treatment in Six Patients Who Devei.opep Empvejias turao 
Bronchial Fistulas After Total Pneumonectomy (Pure Infection in Five 
Cases, Mixed Infection in One Case) 


AGE 

patient fYEARS'l 

14. A. C. 44 

15. W. H. 01 

16. M. Y. 46 

17. B.K. 00 

18. R. L. 29 

19. F.R. 48 


PATHOLOGY I 

Carcinoma 

Carcinoma 

Bronchiectasis 

Carcinoma 

Lung abscess 

Carcinoma 


ONSET OF 
EMPYEMA 
after PNEU¬ 
MONECTOMY 
t DAYS') 
lOo 


RESULT I 

Fnilure 2 recurrences (UemolyU 
Siapfi. aureus\ 

Cure Empyemn necessitatis. 

(mixed infection) 
Cure (Hemolytic .SfoP"- 

aureus) 

Cure (Pneumococcus) 

^ Empyema neeossit.in- 

Cure (Hemolytic Stupli . 

aucnis) 

Cure - 
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mcnt lins been pursued except that it lias ]>ecn unncccssen’ to nwait closure of a 
broueliinl fistula after dminape of the empyema. All bare responded well to 
therapy, cxcc])t one patient wlio lias bod two reciirrcneca as reported liclow. 

CASE REPORT 

Case No. 14.—A. C., /cnmlc, 44 years, vens nrlmitted to the hospital June 8, 

IfltT, with a history of coagh, cxpcvtorntion, hemoptysis, forer, and weight Iw. Bronrhot*- 
copy and biopsy yielded a diagnosis of carcinoma of the right main bronchus. A right 
total pncnmonectomy was performed which was followed by an uneventful convalescence. 
Sixteen weeks later she was readmitted to the hospital with a histor}' of onset of high 
tempomturo five dnys prc\nou8ly. A diagnosis of right empyema was established and drain¬ 
age by rib resection was employed. A program of local instillation of antibiotics (penicil¬ 
lin and streptomycin) was punruo<l with a good initial result. The cultures had shown pure 
growth of n heraolj'tio Sfaphylococcvs aurntti. Throe montlis after Iior return home, a s'milar 
episode occurred and spontaneous evacuation of pus took plnco through the site of the rib 
resection which had been performed previously, flhc was readmitted to the hospital and a 
second regime of local antibiotic therapy was carried out. Tlie cultures at the time of 
recurrence again revealed pure growth of a hemolytic Staph, aurevs. A good primary ro- 
anlt was achieved once more and the patient was released from tho hospital only to ex¬ 
perience a second roeurrenco three months later. Once more the cultures revealed only a 
hemoU-tic Staph. aurfVH. After drainage liad lK*en re*esLablislied, a thoracoplasty was per¬ 
formed with sul>soquont control of the empyema. 

DIHCCHSIOX 

Tiio treatment of ompyenin thoracis by the use of antibiotics and witliont 
surffical drainage has met varying responsca. Blades, Ilamilton, and Dugan,’ 
Roberts, Tublis, and Bntca,’ and Poppo’ have reported unfavorably on the 
matter ivhile Buimett, Rosemnnd, Hall, and f'aswcll,’ Lockwood, 'White, and 
Ifurphy,' and Hirshfeld, Boggs, Abbott, and Pilling" have recorded promis¬ 
ing results. It has been my ex])erience that .such a plan of conservative man¬ 
agement is effective if the empyema is not too extensive, if treatment is begun 
early in the course of the dLsonse, if there is no loculntion, if the pus is not 
thick, and if adequate, aggrcaaivc therapy is applied throughout the treatment 
period. In brief, the factore must be such that prompt and complete re- 
expansion of the lung is achieved while aspiration therapy is employed. If 
obliteration of the pleural space cannot be effected readily, treatment is likely 
to fail or the end re.snlts may be unsatisfactory. 

After total pneumonectomy has been performed, there is no lung to 
obliterate the pleural cavity in combating infection of that space. Therefore, 
the essential mechanism of healing in empyema thoracis cannot be brought 
about, and in order that tho space may be obliterated, a thoracoplasty has been 
deemed mandatory'. The studies reported indicate tliat it is not alwaj's 
necessary to obliterate the pleural space in order to cure an empyema which 
follows total pneumonectomy, provided there is no leak in the bronchial stump. 

I cannot conceive of this form of treatment being either safe or successful if 
a bronchial fistula is present. 

The bncteriologic procedures which have been employed in this study 
have been limited in scope and application. For e.xample, no testa have been 
carried out to ascertain tho degree of aensitivity of organisms to antibiotics. 
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Certainly more adequate use of the techniques practiced in bacteriolo^’ \nll 
extend the effectiveness of such therapeutic measures as these. 

SUM 51 ARY 

1. The conservative treatment of empyema following total pneumonectomy 
has been outlined. 

2. Nineteen patients have been treated by this method with sixteen success¬ 
ful end results. There has been no mortality. 

3. Three patients have been followed for five months or less, the remaining 
thirteen patients have been obseiwed for nine or more months. 

4. Bronchial fistulas associated with empyemas have been found to heal 
after surgical drainage of the infected pleural space. 

5. More adequate use of the techniques of bacteriology^ should improve the 
results of this form of treatment. 
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DISCUSSION 

DR. DAVID WATERyiAN, Knoxville, Tenn.—I am impres.scd in two ways hr this 
excellent paper of Dr. Kent’.s. In the first place I think it illustrates again the fact that 
onr concepts of clinical therapy arc still in a fluid state with regard to antibiotic therapy. 
In the second place, I think it demonstrates one of the primary obligations of the surgeon 
to avoid surgery if that is pos.sible. GenoralJy speaking, the principle of drainage, o 
course, is still a valid one. Occasionally, in an early empyema occurring after pneumonec¬ 
tomy, even open drainage may bo circumvented, despite the fact that it has been un^ 
equivocally stated that obliteration of the pleural space is essential if the empyema is 
be healed. I would like to show slides of a case illustrative of such an instance, done a 
number of years before we realized the usual limitations of antibiotic therapy. 

(Slide.) This is a 43-yenr-old man who came to us six years ago with multiple^ ? 
abscesses involving all three lobes on the right. Ho was desperately ill, nnd ha o ^ 
through a long period of hospitalization with repeated bronchoscopies before he con 
safely brought to surgery. (Slide.) This is the injection of the pneumonectomy 
showing almost complete destruction of the normal architecture of the lung. As 
there were 16 cavities present. (Slide.) A few days postoperatively, at the time 
roentgenogram showTi here was taken, he developed staphylococcus empyema. 

Being brash in those day.s because of the early reports on the use of 
empyema, we attempted to treat the patient conservatively without drainage, an 
penicillin daily into the pleural space in the same way we may very occasiona } 

fully do it in early postpneumonia empyema. . a d the P*' 

After some ten days of treatment, several sterile cultures were returne , 
tient was sent home. About two weeks later he had a recurrence of succeS' 

back into the hospital. Again he was treated conservatively, and the empyema 
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fully Bterllixed in Bpite of the fact that a larffo free pleural apace continued for aome time 
thereafter. (Slide.) IToro is the final result more tlimi five years after therapy. The 
patient has been well and Tvorkinp during this entire period. 

The essential requirement for such results, of course, is an early empyema caused "by 
a ponieillin-sensitive organism. Once locolation has occurred, drainage is obligatory. 

As to the bronchial closure Dr. Kent has described, I do not think the type of suture 
is as important as tlio avoidance of bronchial traumatization, and the adequate covering 
of the stamp. For several years wo have used with marked success a free plenral graft 
tied over the cut edge of the bronchus with the bronchial closure sutures- This Interposes 
an effective barrier l>etwoon the l)ronchns and the surrounding vascular structures. Should 
a stump abscess occur, the danger of erosion into a vessel is lessened, we believe. 

DR. L. R. DA\TDS01s, New York.—^In that Dr. Kent has presented the problem of 
bronchopleural fistula and its complications, it gives me an opportunity to tell of a con¬ 
servative method of therapy which has been used at SoaWew Hospital at the instance of 
Dr. Warner. Taken from the pathologic sense we hare applied it clinically. It is well 
known that l}-o or sodium hydroxide is markedly sclerotic- Theiefore, with tliat in mind, 
Dr. Warner suggested the application of a bead of sodium hydroxide to the bronchial stump. 
Id these cases of bronchopleural fistulas following excisional surgery", the results to date, 
so far tis I could gather shortly" l)eforo I left New York, were ns follows: 

The total number of coses treated, 24; closures to date, 15; patients in good condition, 
sputum negative and fistula closing, 2; closing, but contralateral lesion with positive 
sputum, patient in good condition, bronchus closing clinically, 1; 4 deaths. 

If you add those figures, although I mentioned 24 cases, the figure will be 25, the 
reason for the discrepancy being that one case after closure died of a spontaneous pneu- 
mothoraj: on the opposite side. Wc liavc liad some cases where, in the presence of a contra¬ 
lateral pneumothorax, wo have gone ahead and performed pneumonectomy. 

The method of treatment Is this: One takes a metal stylet, heats it, puts it into a 
can of Jyo and forms a bead. Through the broochoscope the }foad is applied to Che stump, 
and after flO to 45 seconds a sponge upon a bronchoscopic holder, saturated and then dried, 
^th 6 per cent acetic acid, is applied to the area originally touched by the sodium hy¬ 
droxide; that is to noutmlire it. Applications are mode usually two to throe weeks apart 
and, on the average, two to three applicatiooB are necessary. 

We mention this procedure with no particular claim for oringInoHty or for success, 
but merely as a method of attempting to close these bronchopleural fistulas, which do occur 
regardless of the technique of closure for pnlmonnrj' tuberculosis. 

DR. JOSEPH WEINBERG, Van Nuys, Calif.—Dr. Kent has reported excellent results 
in the treatment of chronic erapyoraa by a carefully planned method of antibiotic therapy. 
However, it should be kept in mind that the period of follow-up observation is short, and 
it is too early to predict that the empyemas so treated will remain healed. It has been a 
not uncommon experience to have empyemas supposedly hoaled by antibiotic therapy, 
particularly penicillin therapy, recur after n dormant period of months or years. Espe¬ 
cially has this been the case In those patients in whom the plenral apace has not been 
obliterated. Whether this will be the cose with Dr. Kent’s more studied plan of treatment 
with antibiotics other than penicillin remains to bo seen. 

A most welcome phase of the treatment described is the closure of bronchial fistula 
which may coexist with the empyema. For those cases in which the bronchial fistula fails 
to close with nonsurgical treatment, I wish to present a simple surgical method of effect¬ 
ing closure. The thickened parietal pleura which surrounds the flstnlons opening is removed 
decortication— preferably remo\ing the entire parietal pleural membrane to favor 
healing of the coexisting empyenm- This leaves a cuff of the bronchus projecting into the 
pleural space. One can then close the bronchus by suture according to his preferred method- 
We have successfully closed two fistulas In this manner. One followed pneumonectomy for 
aarclnoma, with' repair ten months after pneumonectomy. The other followed pneumonec- 
bjmy for abscess associated with extensive bronchiectasis, with repair approximately two 
years after resection. The fistulas remain closed ten months and one month, respectively, 
after repair. 



THE UTILIZATION OP STREPTOKINASE-STREPTODORNASE 

In a Patient With Hemopneumothorax and a Patient AVith 
POSTPNEUSIONECTOMY SANGUINEOUS COAGULUM 

C. Thohias Read, M.D. (by invitation), and F. B. Berry, M.D. 

New A^ork, N. Y. 


T he rapid lysis of lilood clots and related coagiihim of exudates takes place, 
as sliOYTi liy Tillett and Sherryd when concentrated and partially purified 
preparations derived from liroth cultures of hemolytic streptococci are instilled 
into them. These preparations are unique in their action in that they show 
rapid lysis of fibrin clots, alter fibrinogen so that it no longer forms fibrin, and 
cause the insoluble fibrouslike nucleoprotein found in purulent collections to 
dissolve. 


Tlie fibrinolytic activity of hemolytic streptococci was discovered by Tillett 
and Garner^ but only recently has this property been extensively purified and 
concentrated by Christensen.-'' The filtrates containing the active piinciplcs 
are recovei’ed from broth cultures in large amounts, free of bacteria. Horc 
recently Sherry, Tillett, and Christensen'' showed a significant constituent 
present in pus con.sisted of desoxyTibonucleoprotein, forming 30 to 70 per cent 
of purulent sediment. Tillett, Sherry, and Christensen" demonstrated a second 
enrATue, streptodornase, that, changed the thick viscid nucleoprotein to a thin 
solution. 

The streptococcal fibiinolysin pi'oduct has been termed “Streptokinase 
and the nucleoprotein lysing factor “Streptodornase.” 

Although the enz;\Tnatic activity is chiefly present in human Group A 
hemolytic streptococci, the products under discussion are derived from the 
Lancefield Group C, H46A strain since it is a nonpathogen for man and ivoiil , 


therefore, be least likely to ob.seure the clinical picture by any serious toxic 
side-reactions. 

Streptokinase acts veiy much like a catalyst but it is depleted as the (hsso 
lution of the parent substance takes place. Consequently its action in paticn s 
is self-terminating. It has been shown that a precui-sor present in blood} co 
lections and exudates termed plasminogen or activatable fibrin-lysing s}sten 
is needed to effect fibrin lysis. This is illustrated in experimental studies ^ 
the failure of a clot to lyse when highly purified fibrinogen and thrombin 
mixed with SK (streptokinase). However-, vdth the addition of plasma 
III, which contains the plasminogen, lysis ocurs quickl.y. No activata e si^^ 
stance is required for the lysis of the nucleoprotein per se since SD (s rep 
dornase) is an active enzyune. 


k’ice, Columbia University College u'^iverslty CoUeS® 
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T)ic enzjTRcs used iu tlic early studies wera produced in tlie laboratory of 
Dr. Christenscu but more recently .sufficient amounts are being mnnufactuMd 
commercially* to cnrr>' on large scale clinical studies. Tlie details of the purifi¬ 
cation and the onginal iuvcsligativc i-csults u-ith the enzjmcs appear in earlier 
reports by Tillett and Sherry'’ *’ ’ and Christensen.' In a forthcoming report 
by Tillett, Sherry, and their nssocintc.st a comprehensive analysis of tlie dosage, 
Inboi'ntory findings, and a i-cview of clinical data relative to homotboi’ax will be 
di.sciLSsed. 

The cnzj’mos ns now jirepared iu lyophilized form appear mixed togetlicr 
with vnrj'ing amounts of cither inci'cment but usually irith predominant portions 
of SIC. Although iirobnbly not mpiircd in cases of hemothorax the presence of 
SD is not conti'aindieated nor docs it detract fiom the action of SK. In this 
rc|X)rf we are essentially intei-cstcd in the clinical application of SIC. 

On the Chest Surgical Scn-icc, and others, at Bellevue Hospital and at 
neigblmring iustitution.s where the matci-iul has liccn allotted by and used under 
the direction of Dr. W. S. Tillett and those associated in the work, SIC has been 
iLscd in a number of iiationts. The I’csidts for the most part have been good 
and in sevoial in.stances di’amatic. Two cases of this group are descnlicd here 
in which it was used. 



Fiff. 1. ri«. :. 

Fla. 1 (PaUont ir.U).— x-ray oppearanco on tlie tiny of ntlmlMlou ahowlnc about tO 
per cent pneumoOiorax and n email amount of fluid at tho left co*tophrenlc ancle. Sabaequent 
to this nim a Inrire accumulation of blootl appeared In the epace. 

, F'lc. 2 (Patient iLU).—Roentpenoffram of chert taken on tlie eeventeenth hoepltal day 
juat before tho uao of enojine therapy, ahovrinB an extenalve densltj' from which only »mall 
quantltl oa of bloody fluid could be napirated on numerous attempts, 

•Lederle Laboratories, Inc., Pearl River, N. Y. 
tin preparation. TiUett and co-workers- 
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CASE REPORTS 

Pati1!;nt m. l. —This 21-year-ol(l colored man,* without any previous puluiouary com¬ 
plaints, was admitted on Sept. 8, 1949, to St. Vincent's Hospital two liours after the acute 
onset of pain in the left chest. There were no other symptoms. The admission x-rav auQ 
fluoroscopic examination showed a 40 per cent imcumothorax in the loft hemifhorax and a 
small collection of fluid at the costophrenic angle (Fig. 1). ■ 

On Sept. 9, 1949, the roentgenogram showed about an SO per cent hydropneumofhorax; 
1,200 c.c. of bloody fluid and air were aspirated from the hemothorax and a similar yield was 
obtained the following day. At this time his temperature ranged between 101° to 102° F. 
but all cultures of fluid withdniwn were negative. 

Thereafter only small quantities of scrosanguineous fluid could be aspirated. By the 
seventeenth hospital day, the roentgenogram still revealed an e.xtensive coaguluin in the left 
chest (Fig. 2). 



Fig. 3. 


Fig. 4. 


Fig. 3 (Patient M.L.).—Roentgenogram of chest taken two days after StieptoUn 
jectlon, and following the aspiration of 2,700 c.c. of bloody fluid. There is a notlceao 
crease in the size of the density. 

Fig. 4 (Patient M.L.)—Posteroanterior roentgenogram of chest on b'C Iwentl^h mp ^ 
day following further aspirations and one day before the second Instillation or sn-o 
striking clearing in the left hemlthorax Is shown. 


At this time ampules of enzyme concentrate, each containing 250,000 units SK 
3,000, units SD were instilled simultaneously in three separate sites. During the next 
days 2,700 c.c. of bloody fluid were aspirated (Fig. 3). . ., 

The injection was repeated on the twenty-first hospital day with a subsequent }ue 
1,145 c.c. over the next three days (Fig. 4). 3 

On Oct. 15, 1949, the thirty-eighth hospital day, a marked improvement had weu 
in the physical findings and the x-ray appearance, and the patient was discharged ( 

He was studied for pulmonary function Nov. 7, 1949, shortly' after discharge rom 
hospital, which revealed a moderate reduction in ventilation and oxygen uptake 
affected side, especially on exercise. 

•SL Vincent’s Hospital, courtesy of Dr. Francis W. Baldwin. 
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Subsequent to this study the patient showed marked clearing by x-ray and flaoroscopy 
examination, wth good diaphragm motion and clinical evidence of normal ventilation (Fig. 0). 
Unfortunately he would not submit to a final bronchospirometric study. 

Patient d. mcg. —This C2-year-old white man was admitted to Belleme Hospital nitb 
synuptoms and x-ray evidence of a neoplasm in the right upper lobe region. Bronchoscopic 
biopsy disclosed a carcinoma in the right upper left bronchus. On Nov. 4, 1949, a right 
pneumonectomy was performed with an uneventful postoperative course until the thirty- 


feSivV. 




PIr. S (Patient D.MoG.).—The x-ray appearance followlnp removal of ^4.^ c.c. 
bloody fluid. There is an area of denslt.v remalnlncr In the lower rlpht henilthorax that com¬ 
municates with the main cavity but there Is practically no fluid present. 








Fig. 9 (Patient D.McG.).—Roentgenograms taken at the end of enj^me thorapy^^^^j^jjP^ 
eradication of the Infected hemothorax. It Is to be noted that there Is lu 

1- . __InWAr ■pfp’Vt* rttiCkcif 


of the density In the lower right chest. 
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ninctli day when bin tom|>eraturo iKJfjnn to range from 101 to 102* F. At this tlnio the 
roentgenogram showed multiple fluid levcln in tlic right hemothorax and only amall quantities 
of bloody fluid could Ik* anpirntcil (Fig. 7). The cultures of thin fluid were negative for 
pyogen*. 

On the forty-fifth iKwtoperntivo day, l)Ocnu?e an infected hemothorax was suspected, 
ampules of SK, 150,000 units, and 8U, 00,000 unite, wert? injected Into two sites. Twenty- 
four hourti later 800 e.c, of bloo<ly fluid wore renim-ed from the riglit chest and the next 
day 050 c,c^ wore obtalnoil (Fig. S). Each of these specimens cultured out Escherichia coli. 


Pt. McG.-B,C0LI PYOHEMOTHORAXlPosTPHDjMOtcOTOiiY) 


aktibiotio 


1 STREPTOMYCW-SYB. t IR 

therapy fpsk 1 


IcKDBOMYOrm - 5Y8. • IR 

BK-SD • 

therapy 

CUUTURE(acOLI) 0 

i 

0+m- 

1 i 

-H-o+t 

1 

0 0 0 

Airr. Fujio Q 

aspirated 

egg 

in « « 

§§is 

sPi i 



POST OPERATIVE OAY OF DISEASE 

Pig. 10 (Patient D.JIcQ.).—Temyprature course, quantitative bacteiial cultures, amounts 
of chest Hulil aspiratcil. i>erio<ls of antibiotic therapv ond the days BK-SD wiuj given (arrowii) 
are ll]ustmte<l. Not© the appcnrance of JK'scAoHcAIn coll after first 8K-BD Instillation and sub¬ 
sequently Its rapid sterilisation with combined euiynifttlc antibiotic therapy.- 


Inuring tlio next two days tlio patient's temperature returned to normal but unfortunately 
witii tlie intervening holidays tlie treatment was not pursued nnd he again became febrile with 
temperature reaching 103® F. On I>cc. 28, 1049 (fifty-third postoperative day), four days 
following tlio last aspiration, thoracentesis yielded sanguinopurulent fluid which was still 
positive for E. ccU on culture. An injection of enxyrae was made then and repeated on 
alternate days on two saljscquont occasions. On the intervening days CJldoromycetln and 
streptomycin were instilled into tho chest nnd at the same time administered systemicajly. 
After the tliird injection of enxymo tho cultures were negative and following tlie fonrth 
instillation of 8K-8D his temperature returned to normal nnd remained tliere (Fig. 9). Fig. 10 
describes tlie clinical and bacteriological findings In this case. He subsequently tmderwont 
two stages of tlioracoplasty nnd has remained free from further evidence of the Injection. 
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DISCUSSION 

Whenever lilood appears in the thorax there is a good possilhlity that it wW] 
clot despite early attempts at aspiration, and frequently it is permitted to remain 
unmolested with the hope tliat it vdll resolve spontaneously. Large aceunnila- 
tions often defy prompt attempts at complete aspirations as they assume a gel 
form, and therefore demand more attention than small collections which fre¬ 
quently vanish without any treatment. Massive clotting has been observed four 
to six hours following trauma® and in le.ss time when secondary thoracotomy has 
been mandatory subsequent to an initial procedure.’® In sucli instances aspira¬ 
tion will be of little avail. 

Fibroblastic proliferation -within a clot, which may appear within five 
days,” leads to organization and this in turn precludes furtlier conservative 
management. Such evidence should prompt one to evacuate the hemotliorax 
as soon as possible. 

Little has been added to the management of hemothorax since the excellent 
observations of Tuttle, Lang.ston, and Crowley’® and Samson, Burford, Brewer, 
and Burbank’® and otbei-s reporting during tbe war yeai-s. These authors sug¬ 
gested that about 15 to 20 per cent of hcmothoraces seen in wounds of the 
thorax progressed to a chronic stage requiring operative treatment, whereas 
in civilian practice the incidence is move in the neighborhood of 5 to 10 per cent. 

Whatever the incidence, the attitude toward significant bloody accumula¬ 
tions should be an aggressive one and every attempt made to evacuate the thorax 
completely and promptly. With such an approach the necessity of decortication 
diminishes and the re-establishment of pulmonary function is enhanced. With 
the addition of SK to his armamentarium the surgeon is offered additional means 
whereby the management of hemothorax may be accomplished effectively, as 
illustrated by the results olitained in these cases. Furthermore, wlicn injuries 
and wounds of the chest occur in large numbers, as in war, the value of these 
agents will be increased. Striking as was the improvement in the treatment 
of wounds of the thorax in World 'War II, tbe use of streptokinase and strepto- 
domase should lower materially the 15 to 20 per cent of cases of clotted hemo¬ 
thorax already referred to, and so reduce appreciably loss of man power. 
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DISCU.^^^ION 

T)R. E. I. EVANS, Richmond, Vn.—AVe have heard a most scliolnrly presentation of 
ulmt will prove to be, I l>elieve, n elnssicnl discovery by Tillott nnd Sherry. I rise simply 
to add n small amount of emphasis to the presentation of Dr, Rend nnd Dr. Berry; to present 
two eases, in one of whieli the results following the use of 8trepto<loma8o were dramatic and, 
in the second, to indicate Ognln that with everj' new preparation given ns w have to keep 
an o;.'C on the patient. 

The first patient vms a 17*yeiir-old boy who suffered n gunshot wound of the chest 
about two months prior to coming to ns. lie enme in with the physical nppenmneo of n 
constricting hemothorax typo of chest by nil types of physical examination. He was slated for 
snrgicnl decortication of tltc lung, and wo premilefl upon Dr. Bigger to be allowed to tr)’ 
streptokinase on him. 

(Slides,) This picture was taken with the polient lying down, Liplodol instilled into 
the cavity. The empyenm was Infected by penicIlUn-reslstant staphylococci. Tlds shows the 
extent of the cavity wlilch occupied practically the entire left tliorai. He was given strepto¬ 
kinase ill nhont the some manner indicated by Dr. Road for exactly twenty days. (Slide.) 
This allows the npponranco of the cavity after six days’ treatment. The next slide shows the 
cavity after twenty-one days' treatment with etreptokinose-donms© solution and aspiration 
eight hours after each Injection. The cavity Ims dccrea.«ed to o space of only a ver>' few 
cubic eentimeters. The tube is being kept in place until we get practically no drainage. 
Cllnlcnlly the boy Is well and recovorovl without surgical decortication of the long. 

Tlio next cow is an fl-ycnr-old child who had n small empyenm of bloody type following 
eome type of inflammatory pneumonia. Stroptokinnso-domase was injected daily, with 
aspirations eight lionrs later, and on the sixth day Lipiodol was repeated; we are now con¬ 
fronted with a broncliopleural fistula. I nra not sure tlmt we cniymatically removed a 
covering over an healing bronchus, but this experience indicates that we must reserve final 
opinion on this treatment. AVc aro impres'MKl in other coses, about six In number (hemo¬ 
thorax following trnuma), that streptokinase has lieen a valnablc agent In liquety-ing n 

blood clot. 

DR. BERRY.—I should like to mnke public acknowledgment of tho generosity of 
Dr. Tillett and Dr. Sherry In nllowliig Dr. Rend, who has been working with them over the 
piist year, to use some of their own material they had gathered together for presentation. 

Tliis phase of their work lins been done in our chest service and they have been most 

generrms in allowing ns to use this outside our own confines whenever such has been necessary. 
These cnxyraes doubtless have many other possibilities besldcti their use in the cliest and we 
hare found tljem of great vnluo on our general service also. I think tlmt the work done 
. here lias already proved to us what a vnluoblc agent or pair of agents these two enxyraes are 
in the treatment of empyemos, whether tuborrulosis or of pyogenic origin; they ore of great 
help In denning them up, AVo have not yet determined, and Dr. Rend may bring that up, 
what tho ofToct may bo upon the healing process, nnd when wo tliink them safe we use it 
whenever ouo la cnuglit in tlmt unfortunate situation of orapycnm following any resectional 
work within the cheat 

Dr. H. a. BEODKTN, Newark, N. J.—I nm grateful for the privilege of discussing this 
valuable paper. I regret tlmt I was not owaro tlmt a paper on tlie subject of Btreptokinoso 
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was to be read and llius failed to bring slides that would Lave illustrated llio value of tills 
agent in the successful conclusion of the following interesting case. 

A 21-yenr-old Negro in the course of a routine chest x-ray examination was found to 
have a very extensive shadow which resembled a massive pericardial effusion. Numerous 
attempts at aspiration failed to yield any fluid. After a long period of observation and 
study, numerous clinicians came to the conclusion that the shadow represented an extremel.v 
thickened pericardium, or that the pericardial sac contained a very thick inspissated exudate 
or fluid. In order to make a definite diagnosis, and because of the possibility that this 
x-ray shadow might be a large mediastinal tumor, the left chest was explored. A huge, 
soft, solid tumor, which on microscopic section proved to bo a thymoma, was dissected free 
from the anterior mediastinum. The tumor mass, which extended into both thoracic cavities, 
was bisected under the sternum. It was found to extend down over the left anterior 
mediastinum, left costophrenic angle to the vertebral column posteriorly. Its total weight 
was 1,280 grams. The mediastinum and pleural cavity were drained with two catheters 
attached to underwater drainage for two days. 

Approximately a week later the right anterior chest was opened through an anterior 
fourth intercostal incision and a similar mass, ■ more extensive, reaching around to the 
vertebral column on the right, was removed. This mass weighed 1,050 grams, thus making a 
total of almost 3,000 grams. One of the interesting findings was the presence of a large 
amount of black clotted blood that spread from underneath the sternum into the left chest, 
in spite of the drainage tubes. This was removed by means of ring forceps. Two large 
mushroom catheters attached to underwater dminage were placed into the anterior 
mediastinum and the right pleural cavity for four days. After the catheters were removed, 
postoperative films showed an extensive dense shadow which was assumed to be an accumula¬ 
tion of blood. Numerous attempts to aspirate it failed to yield any fluid. The shadow was 
then assumed to be clotted blood. Some streptokinase was obtained from Dr. Tillett s 
laboratory, and 10 c.c. were injected into this mass. Twenty-four hours later, aspiration mto 
this mass yielded 500 c.c. of bloody fluid, and the roentgenogram showed almost entire clear¬ 
ing of the mass following aspiration. It was unnecessary to repeat this. 

I am sure time will prove that we will owe a great debt to Dr. Tillett and the Bellevue 
group for furnishing us with this new and extremely valuable adjunct. With the proper use 
of this agent many surgical chest operations will be avoided. 

DK. EEAD (closing).—I think what Dr. Brodkin brought out as to the usefulness of 
this material is true. This material is a tool to the surgeon and not the complete 
in itself in any given situation. It cannot be placed into the chest and forgotten, 
should be combined with other practical jrrocedures in the management of the probtoi- 
action is self-terminating and repeated therapy and aspirations arc often requir • 
irritative qualities necessitate prompt aspiration within twelve to twenty-four hours, ^ 
successive aspirations thereafter. If this plan is not adhered to, exudative elements n 
fibrinogen pour into the area, and may lend to rcloculation. With the procedures sugges 
these irritative effects are minimized, and the desired clinical effect is obtained. 

With reference to the bronchopleural fistula: First of all, I think when it is use 
the lung in place, in other words, not in a pneumonectomy site but in lobectomj or segn ^ 
resection, it is important that a tube should be in the area at tho time. If any evi en 
leakage or bronchopleural fistula is present, immediate suction is available. There 
two cases come to my attention which have had enzyme therapy following 
which bronchopleural fistulas became manifest. As you all know, there is a 
of debris or fibrin so that a bronchopleural fistula may be dormant or 
dissolution of the coagulum the fistula becomes manifest. This may be avoid 
instances by meticulous pleuralization of the bronchial stump at surgery. fistulas, 

There is no evidence in our studies that the enzymes create bronchopleura 
but only that they' make them apparent when they already exist. This is suppo 
laboratory evidence of complete lack of effect of these enzymes on living cells. 

Finally, I should like to re-emphasize that this enzymatic therapy is only an 
the complete management of the patient. For various reasons even decortication^ u^nt in 
times be necessary. ^ However, wdien properly used, it may serve as a very va 
the management of hemothorax and empyema. 



TIIE USE OF STREPTOKINASE-STREPTODORNASE IN THE 
TREATMENT OF IIEMOTIIORjVX 

Sol Sherry, JI.D., Wiluaii S. Tillett, M.D., axd C. Thojias Read, M.D. 
New York, N. Y. 

T his articlo consists of a dcfnilcd report of tlie procedures used and the 
results obtained following the intintliomeic injections of partially purified 
streptococcal concentrates containing streptokinase and streptodomase* into 
patients with massive hemothorax. Previous publications have indicated both 
the development of the study and also the scope of the applicability of the 
streptococcal enz.mnatie substances as a therapeutic measure.’"' 

The thoracic cases included in this article have been classifietl on the basis 
of whether or not the lung had been prcmousl.v removed b.v operation or was 
still in situ. The presence of lung, collapsed by a coagulum, posed the problem 
of rc-c.xpan.sion and presented other special circumstances associated \vith the 
degree of organisation of the fibrin, features which were not significant in the 
handling of the eases of postpncumoncctom.v hemothorax. 

Additional groupings have con.slsted of cases referred to ns infected hemo¬ 
thorax. This identification has been given to patients from whom the fluid 
derived by aspiration was thin and sanguineous rather than thick and purulent, 
hut cultures wore either positive prior to therapy or became so following dis¬ 
solution of the loculated hemorrhagic coagulunm. 

From the standpoint of enr.,\'matic action the chief basis for the differentia¬ 
tion l>otwecn infected hemothorax and empyema is referable to the fact that in 
the former the i)rincipnl solid constituent of the exudate is fibrinous against 
which streptokinase is ])rimarily active, whereas in the latter group desoxv-ribose 
nucleopnotcin is an additional important increment of the purulent e.xudate 
which requires the action of stroptodorna.se. 

The results obtained in patients with empyema are given in a separate 
article.' 

The first 27 ca,ses of hemothorax, treated tvith streptococcal onsj-mes by 
our group, constitute the substance of this report. They arc divided as folloivs; 

1. .Sterile postpneumonectomy hemothorax—10 cases. 

2. Infected postpneumonectomy hemothorax—1 cases. 

3. Sterile hemothorax, traumatic, with lung in situ—11 cases, 

4. Infected hemothora.x, traumatic, with lung in situ—2 cases. 

In a.ssembling the data of each of the groups, the following patients previ¬ 
ously reported upon have l>een included in this report. 

Patient A. A. (Table I) was previously reported by Tillett and .Sherrj-;’ 
patients A. L. (Table I), H. P. (Table III) by Tillett, Sherry, Christenson, 

From the Deportment of Medicine. Nen- York Unlvereitj- Collete of Medicine, nnd the 
Medical and Burtrtcal DI\Ii«Ions of Bellevue tIoaplUl (with special acknowlcdRnienta 
to the Chwt Surgical Service, Dr. Frank Bero'. Director). 

Thli etudy wni nupported In part by the United State* Public Health Service and throuth 
*■ contract with the Office of the Surgeon Oencral, Unitett States ^Vmiy. 

Bocelved for publication July 13, I960. 

•Referred to a* SK-8D. 
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Johnson, and Hazlehurst;®- ^ patient D. McG. (Table II) by Tillett,® and was 
included in the presentation of Read and Berry made at the Thirtieth Annaal 
Meeting of The American Association for Thoracic Surgeons. Their report is 
a separate communication in this Journal.’® 


IMATERIALS AND METHODS 


Streptococcal concentrates containing streptokinase and streptodornase have 
been prepared by metbods described bj’’ Christensen” and modified by Lederle 
Laboratories, Inc.^ to meet practical problems encountered in the large scale 
production of active material. 

Since in clotted hemothorax, fibrin constitutes the major substrate, strepto¬ 
kinase was the more important of the two enzymes employed. In several in¬ 
stances preparations rich only in streptokinase and containing very small 
amounts of streptodornase were used. These latter preparations were as success¬ 
ful in liquefying sanguineous coagulum as preparations rich also in strepto¬ 
dornase. From the standpoint of enzymatic activdtj’', therefore, the quantitative 
data Avlll center around the fibrinolytic reaction. However, since as a practical 
measure of manufacture, SD is usually incorporated in the finished product, the 
mixtures of SK-SD were used for injection into the patients. 

The streptococcal concentrate was supplied in a lyophilized state under 
which conditions it Avas found to be sterile and stable. It is readily soluble ui 
Avater or physiological saline but once put into solution, its potency begins to 
diminish. The practice has been adopted, therefore, of dissolving the contents 
of the ampule in physiological saline just prior to its actual introduction into 
the pleural space. 

Dosage: StreptoTiinase. —The dosage of streptokinase per injection used 
in tins study ranged from 80,000 units to 450,000 units per injection. Theoret¬ 
ically the unit dosage should bear a quantitative relationship to the amount^ 
coagulum present in the thorax. IIoAvevei', since the latter cannot be nieasu 
accurately, AmrAung amounts have been used for clinical trial. Doses abou 
100,000 Auiits of streptokinase routinely set into motion large amounts of t e 
fibrinolytic enz;>Tne system whereas doses under 100,000 units in preliniinaiT 
studies Avere not consistent in activating sufficient amounts of the fibrino) ic 
system for maximum effect in the thoracic area. Where estimations of the to a 
amount of fluid and coagulum can be made, the maximum fibrinolrtic s.Astein^ 
can be expected to occur Avith titers of 100 to 500 units of streptoWnase pe 
cubic centimeter of chest fluid. For routine purposes in thoracic 
ampules containing approximately 200,000 units of streptokinase have ee 
regularly employed as a standard dose. 

At present the enzAnne concentrates used contain an inhibitor to s r 
kinase that is only of significance in highly concentrated solutions o 


enzyme, and is of no significance in dilute solutions. 


♦Lederle Ijaboratories, Inc., Pearl River, N. Y., supplied the 

study. 


preparations used IB 
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Fip. 1 shows the results of an experiment designed to demonslmte this 
inhibition.* It will Ire notc<l from Fig. 1 that maximum spce<l of fibrinolysis 
oecurreil with a dilution of the original slreptokina.se solution. 

From a ])me,ticnl standpoint of routine procedure, when a lyophilized 
ampule of streptokinn.se of 200,000 to 300,000 units Is diluted up into approxi¬ 
mately 50 e.e. of .sidine, or wlien the ampule is made up in a smaller volume of 



' * * • '•“•An* 08 ait lots fo« 

DiLunoH or eoHcesTRATto arstrroKiHAat oolutioh 


—riemonstratlon of an Inhlbllor In a Htrontoklnmoe preparation. Inhibition of 
I- ^ evident at the higiieet concentratlonp of the atroptokinaae solution. Klbrinolynl* 

« maximal at a dilution of the aolutforu 


Mlino but injected into an area which has enough free fluid to dilute out the 
inhibitor, then the streptokinase will be maximally netive. However, if one wore 
to dilute up the whole dose in 1 to 2 c.c. of saline and inject it into tlie center 
of the eongulum in which no fluid was available to sciwe ns diluent, little fibrin 
l.iTiis would occur. 

Two and possibly three t.trpes of inhibition of the fibrinolj'tic sj-stem are 
present in normal serum and in sanguineous exudates. One has been referred 


A purified streptococcal concentrate containing 300.000 unite of atreptoklnaae wn» dla- 
4L, ™ 10 C.C. of 0.01 M aallne phoaphate buffer at pH 7.4. To 0.1 C.C. of aerial dilution* of 

addod O.I c.c. of a J per cent solution of Human Plaema Fraction III 
bhiV Increment), 0.1 c.c. of a % dilution of HemoBtatlo Globulin iLederle) (throm- 

rintof a 0.25 per cent Rovlne Plbrlnopen *olution. Time of lyels of the reaultant 
ciot waa niea»ured. 
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to as trypsin inliibitor- and antifibrinolysind- Onr studies demonstrated its 
presence in a uniform amount in all specimens. Its action has not introduced 
difficulties in practical therapy. 'Whether or not the tipTisin inliibitor and 
antifibiinolysin are tlie same or different substances remains to be determined. 

A specific antibody to the streptococcal product has been described n.s oc¬ 
curring following both acute hemohdie streptococcal infections/’ and the in¬ 
jections of SK.- Recognition of its presence is important only in patients who 
i-equired protracted treatment. When present its inactivating effect has been 
overcome by increasing the dosage of SK one- or twufold. 

Snvunary of Data Pertinent to Streptococcal Fibrinolysis in Pelation to the 
Treatment of Patients .— All of the laboratory measurements previously de¬ 
scribed/- - which served as the experimental background in which the use of 
enzymatic therapy in patients was developed, are not regularly necessary for the 
practical and effective cUnieal application of streptokinase in treatment except 
for special instances. 

However, for purposes of immediate reference, the increments involved in 
the fibrinolytic system and the mechanism of action are recapitulated in a brief 
reriew and are illustrated by tlie findings obtained from a case of clotted hemo¬ 
thorax presented in Fig. 2. 

Strijitnkinase (SK) is elaborated extracellularly by hemoljiic sti-epto- 
cui ci’* and this product mediates and promotes the rapid alteration of fibrin 
ron'i fibrinogen in an en 2 ymatic system which requires the presence of a serum 
fa ■ 'V present in normal hiunan blood. 

The senim factor (lysing factor of jMilstone,'* plasminogen of Christensen 
-Uid /racLeod,’“ and serum pro-fibrinolysin of Loomis”) occurs naturally in 
lumuui blood in a stable but inactive fonu, and is referred to by us as the 
ih ^ivatah^ fibrin lyshig system, since it awaits the addition of streptokinase m 
order xhibit the total qualities of active, rapidly acting, fibrinolysis and 

libnm-.:' i..,iysis. The active fibrin lysing system, when fonned, is labile. The 
duravivu. of its action, both in ritro, and in vivo, in patients, is seif-terminatmg 

TJic patient A. Me. (Fig. 2 and also Table I) was a 50-year-old white man 
who developed a locnlated hemothorax following pneumonectomy for tubercu¬ 
losis. 

From the data of Pig. 2 note that the injection of streptokinase has 
rapidly activated large amounts of the active fibrin lysing system at t e 
expense of the serum precui-sor (activatable fibrin ly'sing system) which was 
present in the exudate in an amount equal to that normally present in ciicu a 
iug blood. In our experience in the study of sanguineous exudates in patien 
the active fibrin lysing -whicb appears promptly folloudng the introduction o 
the streptococcal ]U‘oduet, has been demonstrable only if and when free s rcy ^ 
I'inase is simnltaneously present. Furthermore, as long as free streptokmnse 
still demonstrable, continued activation of the fibrinolydic sy'stem proceeds, a e 
the fiist period of activation, according to the extent to which there is a 
influx locally of new serum increments. Mdien, after the injection, free 
kinase is no longer present, the titer of activatable precuisor rises to its piem 
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level as supplied from Ihc exudation of fresh serum and is available for the 
subsequent develii]uuent of more fibrinoljiic activity. This latter point, there¬ 
fore, sen-cs as an indicator for the appropriate time to administer the next 
dose of SK. 



Elt. 1.—Bummarr of biochomical dmnKeo In cheat Ould of patient .V. Me. (poatpneumo- 
iw«orny hemothorax) lollowlntr the Intrapleural ndmlnlatratlon of JOO.OOO unit* of atreptoklnaao. 

i"* ictl\*ntlon of tlio fibrin Jyainc ayttem (-Y—^.Y, upper sraph) nt the expense of the 
?iii precurmor (O—O, upper craph), and tho rapid flbrlnoyenui>'»ls ( 0 ~~ 0 , lower ffrnph) 

foUowlnff the PK Injection. 

The significance of the serum increment in streptococcal fibrinolysis is 
"■ell illustrated in the following test, conducted in tdtro, with material from 
a patient. 

Tube on the left (Fig. 3) contains n fibrinous mass suspended in 10 c.e. 
saline containing 10,000 units streptokinase and incubated at 37° C. for 4 
hours. No lysis is noted. (The fibrinous mass was removed from the pleural 
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surface of a patient during decortication of a foul empyema.) The tube on 
the right contains a similar sized fibrinous mass, from the same patient, sus¬ 
pended in 10 c.c. serosanguineous fluid containing the normal amount of 
lysing factor to which 10,000 units streptokinase was added and incubated at 
37° C. for 4 hours. Complete lysis of the fibrin has occurred. The sero- 
sauguineous fluid was removed by aspiration from the pleural cavity of a 
patient ■with hemothorax. The patient from whom the fibrinoim specimen 
used in the preceding test was obtained had not been treated ■with SK-SD, nor 
was a sample of pleural effusion from this patient tested for serum lysuig 
factor. Up to the present time a deficiency of the serum lysing factor in pre¬ 
treatment samples of exudate has not been observed except in rare instances. 



Fig. 3.—Demonstration of requirement of combination of streptokinase-serum factor to etf 

fibrinolysis (see text). 


For practical purposes in following the course of events in the treatmen 
of patients, and in association Avith clinical observations, determinations o 
active fibrin lysing system present in the sanguineous exudate has pint 
be the most useful of all the tests mentioned. It is performed as follows: ^ 
Active fibrin lysing system (equivalent to plasmin). To 0.1 c.c. samples 
chest fluid are added 0.9 c.c. of 0.25 per cent Bovine Fibrinogen 
0.01 M saline phosphate buffer (pH 7.4); 0.1 ml. of thrombin solution* 
rapidly added. The tubes are incubated in a water bath at 37° C; 
saline instead of chest fluid is used as a control. The time of complete 3 sis 


•In the method originally described for active fibrin lysing sy^stem, ^ ® Throni- 

Globulin was employed. This material is no longer available. RaFke-J^vu> ampu*® if 

bin containing S.OOO NIH units in a lyophillzed ampule Is now einplojeu. i aliquots 8^ 
diluted up in 50 c,c. of 50 per cent glycerol and stored in the contains a Iffi, 

employed for clotting test fibrinogen solutions.) However, this time stai”'®™’ 

amount of active fibrinolytic enzj-me and has necessitated setting up dine e 
relative to the control for expressing active fibrin lysing enzyme titers. 
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the fibrin clot is noted. In this method, the IjTds of n standard fibrin clot by a 
fi.xed increment of body fluid is prnded + to + + + +, ns follows : 


Lysis up to 1 hour + + + + 

Lysis 1 to 3 hours + + + 

Lysis 3 to G hours + + 

Lysis fi to 8 hours* + 


Control; 8 to 24 hnui's spontaneously 

This represents a practical method of expression of the concentration of 
the fibrin lysing ensyme. It is also of importance to note that whereas a unit 
of plnsmiiri is based on the liqucfaetion of a standard amount of filirin in 
ten minutes, the eatiinations of the flbrin lysing system take into account the 
total time during which fibrinolysis is occurring. The significance of the time 
factor is not only important in in vitro studies but is obviously of special 
sipiificance in gauging the utilization of SIC in patients according to the 
principle of obtaining maximum effect from a single dose wbieb may proceed 
ns long ns 24 hours. 

An aetivo fibrin lysing system should be iircsent in significant amounts 
(at Icn.st ++) and demonstrable by this nielhoil for periods up to 24 houis 
following the intrapleural injections of streptokinase. This test need not be 
routinely cmiiloycd but rraerved for eases in which satisfactory fibrinolysis 
does not take place. 

Method of Ilondtiny huliridtinl Treatment. —Stieptokinasc, when injected, 
puts into operation immediately the process of fibrinol.vsis, which continues in 
the thorax for approximately 24 hours and then becomes self-terminating. 

Although the streptokinase, when injected, immceliatcly activates the fibrin 
baing sy.stem, oxtcn.sive l.vsis of the coogulum in the chest and the dissolution 
of fibrin loculation occur at variable periods of time dciicnding on the physical 
form of the congulum and the extent of contact lictwcen enzyme and substrate. 
(For discussion of this point sec reference 8.) Wc have adopted a policy, there¬ 
fore, of injecting the solution of SK and leaving it in situ for 12 to 24 hours 
before tapping the area again. After this period of time the complete removal 
of all fluid should be accomiilished, by multiple thoracenteses if necessary 
(though the latter is rarely ncccEsarj-). Extensive aspiration is of special 
importance because (1) it pennits immediate radiographic examination to 
determine ivhat has been accompli.slied ns evidenced by changes in the x-ray 
•shadow and increased expansion of the lung, and whether or not further 
therapy is necessarj', (2) it removes from the chest residual irritants and 
pyrogens associated with the concentrates and the breakdown products of 
enzymatic digestion. If the Ijmcd fluid is not aspirated, it not only prevents 
the expansion of the undcrljdng lung, but may net ns the site of new clotting 
and loculation when the enzjme action is finished, and new increments of 
fibrinogen enter from the pleural surface. 

In an optunnlly successful situation following one injection, the complete 
aoagulum is liquefied and removed within 24 hours by a.spirntion (usually 14 
to 16 h oui's after SK). Further exudation of fluid due to the local irritating 

*Or faster than control. 
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effect of the treatment usually appears in decreasing amounts over the next 
24 to 48 hours and is removed by aspiration leaving the space clear. AYhen 
fluid continues to exude in large amounts after this period of time, the 
reaecumulation has been found to he related to the underlying pathology 
rather than the use of the streptococcal enzymes. 

Number of Treatvients .—If complete liquefaction of the coagulura is not ac¬ 
complished with the first injection, repeated injections may he indicated at 48- 
hour intervals, and should be continued until a maximum effect has been ob¬ 
tained. The routine procedure has been adopted, therefore, of administering 
SK on alternate days and draining by aspiration on alternate days. 

The need for subsequent injections may be gauged by whether (a) a satis¬ 
factory clinical result has already been accomplished, (b) the fluid removed at 
aspiration has lost all its sanguinity and has been replaced by a thin serous 
fluid, (c) no more fluid can be obtained by aspiration. 

Since streptoldnase depletes the aetivatable fibrin lysing system in the 
chest fluid, subsequent injections of streptokinase do not set in motion as 
active a fibrin dissolving system as the initial injection. This may be a limiting 
factor in obtaining as extensive a fibrin dissolution on subsequent injections 
as occui-s xvith the fii-st injection, particularly if repetitions of treatment into 
large areas were to be given once or txvice daily instead of at the spaced 
intervals described previously. 

Toxicity .—The toxic reactions, described in detail in reference 8, are 
chiefly limited to a pyrogenic one and a local outpouring of serum and 
leucocytes. The febrile response, occurring in 60 to 70 per cent of cases, 
begins about 6 hours after the injection, reaches its peak (averaging 3° F.) 
in 24 hours, and subsides during the ensuing 24 to 48 hours. We have nevei 
observed it as a serious reaction, although it is our impression that febrile 
responses occur more frequently following the lysis of frankly hemorrhag.c 
material than purulent exudates and may in part be referable to the absorp 
tion of hemoglobin. The administration of amidopyrine (0.1 Gm. three times 
daily) on the day preceding and the day of treatment has abolished t e 
thermal reaction and abated considerably the symptomatology. Aspiiin has 
proved useful but less successful than amidopyrine. 

CUNICAL RESULTS 

Group 1. Sterile Postpneumonectomy Hemothorax (10 cases). | 

contains pertinent data with respect to the 10 patients of this group and 
illustrates by x-ray photographs the extensive liquefaction and remmal o 
previously loculated coagulum ■vvithin 24 hours of tlie instillation of SK. 

Comment: It is not the purpose of this article to discuss or recommend 
total management of cases of pneumonectomy that ma 3 ’' have Amrjmig 
of postoperative bleeding and may present varjdng surgical anatomica 
tions that require individualized treatment to obtain optimiun objeetnes 
the lung has been removed. The effectiveness of enz.innatic fibrinobmis 
cases of Group 1 has been unusualty uniform both in the completeness 
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•Each patient received 1 Injection of SK except PL who received J («oo text), 
tindicates In days, time over which osplratlona were required following nbrlnolysla by SK. 
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which liquefaction has been accomplished -with a single injection and in the 
rapidity ivith which the desired result lias been obtained. The consistent success 
in the fibrinolytic aspects of the treatment. of this type of massive post- 
pneumoneetomy hemothorax is referable to the partieularly favorable condi¬ 
tions which exist. The thoracic cage serves as a fixed closed “container” for 
the fibrin deposits and permits the introduction of solutions of SK under 
particularly favorable conditions of maximum and sustained contact between 
enzymatic system and its substrate. 

The practical point continually arises in this group of patients, as well as 
in others with massive extra vascular hemorrhagic deposits, concerning the 
time during the postoperatwe hemorrhagic period at which SK treatment 
should be instituted. As indicated in Table I, the postoperative day of injec¬ 
tions of SK ranged from the fourteenth to the fortieth. In our series the 
factor which served as an indication for the use of SK was the increasing 
formation of eoagulum that was not amenable to removal by aspiration. The 
application of lytic therapy too soon after operation might presumably lead 
to more bleeding by reopening thinly thrombosed vessels. We have up to the 
present time never observed this complication hut it will be subsequently dis¬ 
cussed in more detail. Another possible difficulty arising from the application 
of SK too early postoperatively involves the opening of the bronchus of the 


pulmonai'y stump that has not been adequately pleuralized. 

A bronchopleural fistula developed in patient H. S. (Table I and G aud fi 
of Pig. 4). The opening was first demonstrable 4 lioui’s after the intiuduction 
of 200,000 units of SK, but closed 24 hours later wthout evidence of the develop¬ 
ment of contaminating infection of tlie pleura. The fistula reappeared 18 dal's 
later at the time of thoracoplasty and remained open imtil a suture observed 
by bronchoscopy was removed. The fistula then closed promptly and drainage 
ceased spontaneously. A separate report to be subsequently published wiU dwl 
with our experience in cases of bronchopleural fistulas, which require specia 
consideration because of the contraindication to the use of SK which may exist. 


At the other extreme of the timing of the postoperative use of SK, pro 
longed delay will render the application of the enzyme ineffective if organiza 
tion has occurred through the completion of fibrotic cellidar infiltration of t ^ 
eoagulum. In our experience this difficulty has not been encountered in 
cases of postpneumonectomy. For example, patient L. H. (Table I) recen 
successful lytic therapy 40 days postoperatively. However, as will be 
cussed later, the time factor in relation to organization of tissues appeam 
be important in patients with hemothorax in whom the lung is in situ. 

The dosage of SK in the patients of Group 1 consisted of 100,000 to 40 
imits contained in 20 c.c. of steiule physiological salt solution. A single iujec i 
was adequate in the treatment of 9 of the patients. Patient A. A. (Ta 
received three injections, two of which were piumarily for 
rather than therapeutic purposes. The sharp increase in the amount o 
obtained by aspiration during the first 24-hour period after the intio 
of SK has regularly been a striking characteristic of tlie effect of dm 
solutions, and is evddent from the quantitative data given in Table 
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increase is accounted for by the liquefying pincess itself supplemented by an 
outpouring of additional serous material referable to the local irritation. 

The subsequent post SK aspirations (Table I) indicate the time required 
to empty the residual content as an expression of the successful termination of 
the fibrinolytic purposes of the therapy. In each of the cases of Group 1 
thoracoplasty was subsequently performed successfully. In an additional case 
of our series, previously repoi'ted,® a marked contralateral mediastinal shift 
was rapidly rectified following liquefaction and removal of postoperative 
collections of fluid. 

The photographic illustrations in Fig. 4 demonstrate the thoroughness of 
the lytic action of SK in making possible the ready removal of massive 
coagulums. 

Group 3. Infected Posipneumonectoiny Hemothorax (4 cases ).—These 
patients (Table II) have been included in a group referred to as infected hemo¬ 
thorax rather than empyema because, as premously mentioned, at the time they 
were presented for enzymatic therapy the character of the exudate was that of 
hemorrhagic eoagulum rather than that of purulent infection. 

In 1 of the patients (J. H.), cultures of pretreatment samples of the 
sanguineous fluid obtained by aspiration were positive. In patients R. S,, 
D. McG., and J, R., however, the contaminating organism was recovered only 
after lysis had been accomplished. 


The details of patient R. S. (Fig. 5) are as follows: 57-year-old white woman wit 
chronic lung abscess and suppurative disease of the right lung who had a lobectom) m 
October, 1949, followed b.y a pneumonectomy on Feb. I, 1950. The pathology' of the lung 
removed was described as suppurative bronchiectasis. The patient did well in the immc i 
ate postoperative period. The right thorax filled up with a loculuted eoagulum. On t e 
tenth postoperative day the patient became febrile. TlioracentescB on the eleventh nn 
twelfth postoperative days yielded only 150 c.c. and 100 c.c. of sanguineous flui , r® 
spectively, which were sterile on culture. X-ray examination at this time still 
nn extensive eoagulum (Fig. 5). On the thirteenth postoperative day a total of i 
units SK and 3,000 units 8P were injected intrapleiirally in three sites. The nB.v . 
1,200 c.c. of thin bloody fluid were removed and the thorax emptied of its eoagulum >} s 


examination. Culture of this fluid revealed Aerohacter aerogenes. The patient was 


imiBcdiatelj' 


placed on chloramphenicol per os (2 Gra. every day). Four days later the 
again injected with 200,000 units SK and G0,000 units SD in 25 c.c. of a % per cent so 
of chloramphenicol. By the next day the pleural fluid was sterilized and the m e 
eradicated. The temperature fell and the subsequent course including thoracop as y 
uneventful. Fig. 5 also graphically summarizes the course of events in this pa len 

Patient J. R. (Table U) ran an interesting course characterized by the 
of a spiking fever following liquefaction with a single dose of SK-SD ( > 

Furthermore, the material aspirated after lysis was positive for tubercle aci i^^ 
previous ones had been sterile. , Streptomycin therapy was introduced an 
subsided in 8 days. Cultures of serous exudate which reformed after 
evacuation were sterile. After an intenml of 3 months a thoracoplasty was su 
performed without drainage. There has been an uneventful 2-yeftr f® 
tlGHt J• 

Patient J. H. (Table II) (previously reported^) was an 
example of the capacity for sterilization induced by enzymatic clearing. ivns tm- 

coagulum contained Bacillns pyocyaneiis which, over an extended period o ' j 
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nfTocted by iiunicrous nntibiotic ftiid Qntlfoptlc roaRontfl introduced locally, llorvevor, 
folloninp three injections of on nlterimte days, followed by nltemato dnya of 

drainage, steriliration waa acconiidiahed. Thia aorioonco of events has been repeatedly 
observed in other types of rofmctorj- infections, Tlio prlnciltloa involved have been ex¬ 
tensively discussed in referenco R. 

Oommcnl; KO'cetive lysis wn.H nccomiili.shcd in tlio 4 pntienls of Oroup 2 as 
in tliosc of (Iroup 1. Ilotvevcr, tlio prcRCiiec of vinblc linctorin introdueod n 
second olijcclivc to trontinent in addition to the nieclinnicnl litiuefnction of 
fibrin. 

That tlio action of the cnzynic.s previously referred to ns atre])tococcnl 
ensynintie d6bridenicnt“ lias in sonic instnnecs licen followed by the sterilixn- 
tion of nren.s of clironic rcfrnclory infection bn.s been described and disen.s.sod.* 

It 1ms also been made clear that the advanlnpeoibs use of antibiotic 
therapy has been enhaiieed by the local enz.vinntic elenning iiroee.ss. 

Patients D. Jlcfl., K. S., and .1. U. received antimicrobial thcrnii.v dtiring 
and, for varying periods of time, after in.stillation of SK. 

The exudates, although thin and sanguineous before tliorajiy, became 
thicker and more cellular as the injections iiroeeeded. The change was due 
in part to (he collninr outpouring us.vocinted with the irritative action of the 
enzymes and jicrhaiis also to a transient pleuritis set u)) by the bacteria re¬ 
leased from the interior of the eoagulum. 

Aspirations over a greater number of da.\-s wcixi rtsiuircd for (Ironp 2 than 
for Oroup 1, although the end result with final nucce.s.sfnl thoracoplasty was 
the same in both grouiis. 

Group 3. Uninfected Hemothorax With Lung In Gitu (11 cases).—The 
cases included in Groups 3 and 4 were primarily of traumatic oiigin. The data 
of Table Ill were assembled in order to consolidate special points. However, 
there were considerable differences in the conditions presented l,y the several 
patients that altei-ed the methods of enzmnatic therapy and influenced the 
final results. 

The detailed reports of 3 cases arc, therefore, presented which illustrate 
the tyjics of problems and the practical methods that were cnijiloyed in attaui- 
mg ultimate enzymatic eradication of the m'desprend fibrin deposits. 

Patient .T. W., heniothonux foIJowinp bullet wound (Fip. fl).—-L W., a 24-yearHDlt] 
Ncffro man, wtm shot in the left choBt during on ottocipted robbery. Tlio bullet entered 
the seventh Intercostal space in tlio posterior axillary lino and lodged posteriorly at 
about the level of the first thoracic vortobrn. The patient entered the hospital in shock, 
dv'spneic and coughing up blood. There was evidence of subcutaneous emphysema over the 
■'vonnd, and signs of fluid in the loft cJicst. X-my examination rovoalofl a hydropneumo- 
thoroi on the loft, with atelectasis of the loft lower lobo. 

The hemoptysis stopped spontaneously within 24 hours of admission. The patient 

placed on largo doses of penicillin. Thoracentosis was attempted witliout success. On 
the eighth day of illness anotlior thoracentesis yielded only 33 c,c. of sanguineous fluid, 
and a subsequent tap was completely unsuccessful. By the eighteenth day, x-ray exam- 
bmtion still revealed a consldemblo eoagulum at the left l^nso with some thickening of the 
interlobar fissure (Pig. 0). 
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Table III. Cases of Group 3. Unikpected Tbauxlatic Hemothorax (Lung In Situ) 


patient 

AGE 

IN- 

YEARS 

(SEX) 

TYPE OF 

TRAUMA 

DURA¬ 
TION 
PRIOR 
TO SK 
(DAYS) 

AMT. FL. 

ASP. JUST 
PRIOR TO 
SK (C.C.) 

NO. INJ. OF 

SK 

(M, MUL¬ 
TIPLE) 

(S, SIN¬ 
GLE)* 

AMT. PL. 
ASP. 

WITHIN 
24 HOURS 
OF SK 
(C.C.) 

TOTAL FL. 
ASP. POST 
SK (C.C.) 
(DAYS OP 
ASP.) 

ESTI MAHON 
OF PLEURAL 
CLEAR DfO 
(SEE TEST)) 

P. R. 

47 

(M) 

BuUet 

wound 

14 

25 

2(M) 

850 

1 



J. W. 

24 

(M) 

Bullet 

wound 

1 19 

1 

100 

1 (S) 

1 600 

500 

(1) 

Extensive 

W. E. 

24 

(M) 

Bullet 

wound 

11 

350 

1 (S) 

1 

1 300 

300 

(1) 

Extensive 

E. S. 

29 

(M) 

Stab woxmd 

1 

31 

1 

1 (S) 

1 

1 215 

i 

215 

(1) 

None 

W. S. 

20 

(M) 

Stab wound 

8 

2 

1 (S) 

100 1 

200 

(2) 

None 

T. C. 

31 

(M) 

Stab wound 

10 

30 . 

2(M), : 

300 

1,080 

(C) 

iloderate 

H. F. 

52 

(M) 

Fractured 

ribs 

22 

2 

1 (M) 

400 

Drainage 

bottle 

(3) 

Extensive 

J. F. j 

63 1 
(F) 

Fractured 

ribs 

26 

400 j 

1 (S) 

400 1 

650 

(4) 

Extensive 

C. McD. 

\Ww 

Fractured 

ribs 

22 

100 

1(M), 1(S) 

680 

1,850 

(8) 

Extensive 

C. B. 

36 

(F) 

Sjunpathec- 
toray, sec¬ 
ond stage 

23 

■ 

2(8) 

] 

250 

H 

Extensive 


m 

Vagotomy 

2 

0 


710 

1,810 ’ 
(4) 

Extensive 


•>I signifies simultaneous Injection Into multiple sites. S signifies that total dose was 
Introduced Into a single site. 

vindicates prompt effect directly referable to action of SK. 


On the nineteenth day the patient tvas tapped, a small amount of blood} 
aspirated, and 240,000 units of streptokinase injected. The next day over COO 
sanguineous fluid were removed with ease. After this there was rapid clearing o 
area. Fig. 6 was taken approximately 10 days after the use of streptokinase and 
onlj’ a small amount of interlobar thickening remaining. The patient was then disc arg 
to stand trial. 

Patient C. B., hemothorax following sjunpathectomy (Fig- I)- ® 

colored woman, entered Bellevue Hospital on Dec. 21, 1948, for her second stage 
tomy for severe essential hypertension. Surgery was performed on Bee. 29, ' 

operatively the patient developed a hemothorax on the left. Thoracentesis e 
c.c. and 150 c.c., respectively, on the fifth nnd sixth postoperative days, but su s 
taps were unsuccessful. X-ray examination (Fig. 7) on the twenty-second postopc^ 
day revealed a posterolateral density in the left chest. The patient was 
occasions (twenty-third and twentj'-ninth postoperative days) with 80, 
streptokinase. As a result of the streptokinase, 800 c.c. of sanguineous fluid 
by thoracentesis with extensive clearing by x-ray examination (Fig. ()• The pa ' 
discharged on the forty-ninth postoperative day, 20 days after the strepto inase 

Patient C. McD., hemothorax due to fractured ribs (Fig- 8). C. McD., 
alcoholic white man, fell down a flight of stairs and sustained fractures 
frontal bone, nasal bones, outer one-third right clavicle, and multiple fractures 
to the eleventh ribs on the right. The patient was desperately ill an tbe 

fusions, nasal oxygen, antibiotic, and frequent tracheobronchial suction *'j[gj]jgrable ei- 
week of his illness. X-ray examination revealed a hemopneumothomx o con 
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tent on tlio ripht. H.v llic twenty-fourth hospital day, the pntient's pcnoml condition 
liod Improved considornl)ly Init only 250 c.c. of fluid hnd been previously obtained by two 
thoracenteses. X-ray Aims rcA'onled nn extenaivo locuinted conpulura in tho right chest 
(rig, 8, 240,000 units of RK wore Injeetwl into the pa«torior chest nnd 120,000 units in 

tho mid-axilla; 1,000 e.e, of fluid were rcmovcfl in the next forty-eight hours with considemblo 
rlenrinp over the posterior chest. However, there was still eonsldcrablo eongitluin in tlic lower 
right anterior ehest (Fig. 8, 7/). Tlio patient was tapped anteriorly in the fourth inter¬ 
space just lateral to the nipple, nnd 240,000 units SK injected intmplcurally. Over tho 
next 48 hours 770 c.c. of fluid wore removed from thnt area. X-rny Aims now revealed 
(Fig, 8, C) much further clearing nnd the physical signs of fluid were no longer present. The 
patient wns moblliicd, starte<I on deep breathing exercises, and discharged to the clinic. 
Follow-up x-ray studies (Fig. 8, J)) 2 months later uhowed almost complete clenring of the 
residual density. 



A. B. 

FlC. 6.—CAiC J. tv. Hemothorax followlnt bullot wounO. A, olfditccntli ilay posttrouma 
and Jxist prior to atreptoklnnse tlioropy. D, 10 days posUtrcjitoklnaae Uiompy. 


None of the cnscs of thi« group came to dccorticatiou and nil resolved 
completely. In !) ol tho cnscs tlierc was cxteiisivc lysis of congiiluiu by injec- 
tioms of streptokinnsc with removal of large quantities of sanguineous fluid 
and complete expansion of the undcrlj-iiig lung. Two of these 0 cases were 
handled'hy tube drainage, the rest by needle nspimtion. In the other 2 cases 
(E. S. nnd W. S.) little cilcct eoidd be attributed to streptolrinnsc. ITowevor, 
in both the.se cases pro\'ious aspirations hnd removed the major part of the 
blood since the underlying lung had been almost completely expanded. After 
streptokinase, small amounts of serous fluid were removed indicating tlie ab¬ 
sence of any snnguineons congnluin. Little immediate effect was noted on the 
-X-ray density, nnd it is presumed the latter probably represented pleural re¬ 
action or complete eellnlnr organisation. 
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Comment: In general the results described in Gronii 3 have been consid¬ 
ered very good but variable when compared to the uniformity of the effective¬ 
ness in the eases of postpneuinonectomy hemothorax. This is to he expected 



B. J 

Fig. 7. —Case C. B. Hemothorax following sjTiipathectomy. A, Posteroa^erlor^ jjote 
views on twenty-second postoperative day and Immediately prior to lateral views ten 

large hematoma In posterolateral area of left chest. B. Postf,'-oa"terlor clearing U 

j- se theranv. Althniitrh pome densitv still remains, ex 


davs poststreptokinase therapy 
noted on the lateral view. 


Although some density still 
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when Tccopnition is given to the differences existing in the presenting con¬ 
ditions. The heniolhonix folhnnng pncunionoctoiny resulted from the slow 
progressive oor.e of serosnngiiincouK fluid into n Inrgo tliorncic sj)neo. Under 

A. n. 



O. D- 

, 8.—Caw c. McD. Henwthomx duo to frecturod riba. A, Apixtarance on twentr- 

lomh clay poattrauma and Immediately prior to BK therapy. B, Appearance 48 hour* port first 
MK treatment O, Appearance 48 hours post second SK treatment D, Appearance at follow-up, 
z months post'SK therapy. 
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these circumstances the clot forms gradually and is a meshwork of fluid and 
fibrin. Organization can begin only from the sole remaining parietal pleura 
and cannot he expected to bridge across the thorax for a considerable period 
of time. 

In the cases in which hemorrhage occurred into the intact lung-containing 
thorax, the bleeding, arising from trauma or postoperatively, was usually gross 
in amount and rapid in rate of initial accumulation. The exudate, being es¬ 
sentially whole blood, is at first rich in fibrinogen and the eoagulum fomed 
is liable to be composed chiefly of fibrin. If the lung is still mobile, defibrina¬ 
tion may take place urith wdespread coating of the pleural surfaces A\ith a 
dense fibrin lajmr.’® Melick and Spoonei'^® have described the reaction that 
is evident in the two layers of pleura and have observed that organization 
begins early from both surfaces and may be completed early according to the 
closeness of the approximation of visceral and parietal pleura. When ex¬ 
tensive pneumothorax has- been present together Avith hemothorax (Patient 
H. F., Table III), the situation more closely simulates that present in the post¬ 
pneumonectomy cases, since the collapsed state of the lung causes a vide 
separation of the Ausceral and parietal pleural surfaces. 

In Anew, therefore, of our actual experience together Avith the special 
conditions inherent in traumatic hemothorax, the principles and practical 
methods of applying therapy may be outlined as follows: 

1. Institution of SK instillations early following the initial gross hemor¬ 
rhagic episode hut after bleeding has essentially ceased. 


"With the exception of S. McK. (Table III) the patients of Group 3 Avere 
aAmilable for SK therapy only after repeated, and often daily, efforts at aspira¬ 
tion by thoracentesis had begun to yield smaller amounts of fluid even though 
the thoracic shadoAv seen on x-ray examination remained extensKe and the 
huigs AA'ere compressed. 

The recommendation of early aggressKe treatment as soon as bleeding 
has spontaneously stopped raises the question, mentioned previously in this 
article, of whether or not SK Avill cause recurrence of fresh bleeding. Since 
the action of SK is a local surface one, it is deemed unlikely that its contact 
AArith the one small end of intravascular thrombus Avould effect its comp c e 
liquefaction. In our experience the theoretical improbabilities have been m 
consonance Avith actual experience. 

Patient S. McK. (Table II) received an injection of SK on the second p^ 
operative day AAuthout any fresh bleeding. We have information of 3 o, cc 
patients at other institutions injected Avithin 48 to 72 hours of the intrap eura 


bleeding episode Avithout recurrence of hemorrhage. 

Patient B. S. (Table III) may be cited as an example of an unsatisfactori 
result AA'^hich seems to have been referable to the fact that SK therapy 
deferred until the thirty-first posttraumatic day. No liquefying e 
demonstrable either by changes in the character of the fluid or by pio 
alterations in the x-ray shadoAv. It is reasonable to presume that ex ens 


cellular organization had occurred. 
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2. Itequirnncnis for; (n) imilliplc injccltoitx sitnnllancously into several 
different sites and (Ii) repeated injections. 

On considerinp llio proliloins iirraoiiteil !)}• homothoriix wnth the Iiinp: in 
situ, ns experience hns nccmnulnted, the value of introducing SK into seveml 
difTerent sites nt the time of hoginning treatment hns hecome evident. 

The nnntomic situation existing in trnumntie hcmothoinx often eon.sists 
of nn extensive idnstering of the ideurnl nurface extending from the extreme 
posterior limits to the nnterior medinntinni nren. The extent of the dilTusion 
of the ensyme from a .single site contniiicil in 20 c.c. of fluid mny he restricted. 
Since, therefore, lytic action depends on direct contact hetween enzjTue and 
Rulistrnte it is n))pnrent that ninterini placed in the posterior nren, for ex- 
nmple, mny not extend throughout the totnl pleural area. 

Ill considering the totnl prncticnl iiiniiagement of imtients until massive 
tmiinintic hemothornx, the objective is to obtain mnximum pulmonary expan¬ 
sion in ns .short a time ns iiossihle. In this eonnectioii it is imiiortnnt to recog- 
iiir.c the fact that streptokinase serves solely ns a reagent which under ap¬ 
propriate conditions causes the transformation of the solid conguliim to a thin 
solution. Once this effeet hns been aceompliahed, the suhscqucnt mnimgemont 
of the ease, in evacuating thoroughly the iileiiral contents requires considera¬ 
tion of factors such ns desirnhility of using only intercostal thoracenteses, or 
closed drainage through a thoracotomy tithe with or without negative pre.s- 
sure. 

In some iiustniiccs—not reported in this article—small tears of the lung 
have previously existed through which positive intrapleural pressure hns de¬ 
veloped. Similar situations have occurred folloiring SK in postlohcetoniy 
cases. In the trcntineiit of eases under the.se eonditions, lysis of clot with flK 
hns been followed immcdintely b.y closed tube drainage under water seal and 
suction has heen njiplicd. The puliiionary leaks have closed promptly and im- 
proveil expansion hns heen nccoinplislicd. 

In attempting to arrive at uniformity in the details of the treatment of 
hemothornx with the lungs in situ, it is obrious that a larger experience with 
well-studied cases is required. However, that ph.vsicnl changes in the solid 
fibrin have heen cfTceted by fibrinolysis in the patients of Group 3 hns been 
demonstrated. 

In attempting to summarixe the final results in the cases of Group 3, it has 
been difficult to measure quantitatively the extent and speed of clearing of 
the involved pleural nren in relation to results that might have been derived 
from other jirocedures or from permitting spontaneous absorption to occur. 

In spite of this difficulty the follow'ing appraisal is olTcrcd: 

Prompt and extensive clearing of pleural x-ray shadow in 9 
of 11 cases. 

No effect in 2 cases. 

For pui-poscs of completeness in presenting the details of the 10 patient.s, 
a brief description of the immediate effects and subsequent coui’se of each is 
now included. 
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IMMEDIATE EFFECT 

J. W. Extensive clearing 
W. E. Extensive clearing 


P. R. Considerable clearing over tipper two- 
thirds of thorax; residual density 
in interlobar fissure and at right 
liase. 

E. S. No significant changes noted. 


W. S. No significant changes noted. 


T. C. Extensive clearing over right lower 
chest posteriorlj-; moderate clear¬ 
ing over right lower chest anteri¬ 
orly. 


H. P. Marked expansion of previously col¬ 
lapsed lung, and extensive clear¬ 
ing. 


J. F. Extensive clearing over site of pre¬ 
vious shadow with complete expan¬ 
sion of lung. Some residual den¬ 
sity anteriorly adjacent to peri¬ 
cardium. 

C. McD. Extensive clearing of raultiloculated 
coagulum. Lung completely ex¬ 
panded. Moderate residual density 
at site of rib fracture. 

C. B. Marked clearing over site of previous 
density. 

S. McK. Good clearing over upper two-thirds 
of site of disease. Residual density 
at base. 


SUBSEQUENT COUESE 

- Discharged 3 weeks post SK with excellent 
radiographic result.. 

Discharged 5 days post-treatment at which 
time small residual density was continn- 
ing to clear. 

Almost complete spontaneous resolution of 
residual density in 5-week period post 
SK; discharged home. 


Patient had been previously surgically ex¬ 
plored for lacerated lung. At time of 
injection only straw colored fluid oh 
tained. Extensive clearing occurred spon¬ 
taneously over subfequent 6 to 8 weeks. 
X-ray shadow probably pleural and not 
true coagulum. 

Patient complicated with prolonged high 
fever. Only serous fluid obtained after 
SKi. Little effect attributable to SK. 
Slow, clearing spontaneously. Discharged 
21 days after SK. No follow-up. Lack 
of response to SK may be due to pul¬ 
monary' pathology' rather than presence 


of a coagulum. 

Clinical course complicated by right upper 
lobe pneumonitis which cleared rapidly 
with penicillin therapy. Patient to- 
charged 3% weeks post SK therapy with 
spontaneous clearing of residual pleural 
thickening in the region of the dia¬ 
phragm. , . , 1 - 

Thoracotomy' tube alone had failed in this 
hemopnenmothorax. With SK, coagulum 
and air evacuated rapidly. Lung com- 
pletelv c.xpanded. Residual density spon¬ 
taneously cleared. Patient discharged 
months post SK. . 

Patient originally considered for decortica¬ 
tion by surgeons but severe , 

cardiovascular disease contramdicaM 
procedure. Complete spontaneous re^n^ 
tion of small residual density ocenrre 
over a 4-week period after SK. 

Patient complicated by skull 

general debility. Surgery contmind^ 
eated. Clinical ^ 

after SK therapy. Progressive and 
plete spontaneous resorption of 
density over subsequent 2 

Smnll reGiIiial densiU' spontaneously clca 


over next 2 months. u 

though rest of lef^ Le re 

cleared completely', the , gn 

mained. This has been rdenWed ^ ^ 
atelectatic left lower Pr";j'„re. 


Group 4. Infected Hemothorax With Lung in SiLi .—Since the ► , 
nieut of the 2 patients of this group followed the principles pievioRs^ 
cussed but varied according to individual condition each may he hne . 
scribed as follows vdthout tabulated data: 


, . .-La igft: thorax 

Patient B. L., white man, 28 y'ears of age, received a bullet wound m 
(Pig. 9). He became available for SK treatment on the thirty-third posttran 
at a time when there had been little or no change in the x-ray- shadow covering 


of the right thorax. 
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Tho amount of ^nnpuineoufl Ould aapiratcd by thoracontcHia, incrcaacd from SO c.c. 
juat prior to 8IC to SOO c.c. within 24 lioiint after SK. Four lytic treatments wore atlrain- 
iaterod of 200,000 units of BK over n R*wcok period. There was complete evacuation of 
the lociilatcd coajpilum with cxjiansion of tho bmpi. Tho hemothorax was infected with 
liactrrium coU. HK trontmonts wore sapplenionto«l l»y Chloromyoetin intmplcumlly and sp- 
temicallr. Tlic area >nis sterilized in 3 weeks. There was conipleto clearing of tho dis* 
cased area durinp the subsciiucnt 3 montlis. The case was complicated by paraplegia and 
decubitus ulcors secondary to traumatic section of cord. 

Patient T. 8., white man, 33 years of age, with hcjiiothorax of lower third of left 
chest which devoloiMMl following vagotomy ijcrfonncd for peptic ulcer. lie heenme avail¬ 
able for SK therapy ou the nineteenth i>ostoporAtive day. 



. Flff. 9_Cnse n. L*. Infcclc*! Iieniothomx followinc bullet wound. A, Appearance on 

thlrty-thlnl day following Jnjur>' ond Just prior to streptokinase lljcrupy. B, Appeamnee one 
nwath later after four streptokinase ir«jalm«nts. 


Tho amount of sanguinoous fluid aspirated by thomcontesis increasotl from 44 c.c. 
iuflt prior to 8K to 325 c.c. within 24 hours after SK. Four lytic treatments wore admin¬ 
istered of 2(XJ,n00 units of SK each over 10 dn\-s. There was extensive removal of the co- 
tguium. Heraothorax was infected with hemolytic Staphylococcus nurrvs. The organisms 
persisted in spite of RK and pojiicillin fhempy. Tho Infection cleared following drainage 
through thoracotomy. During the ensuing 2 to 3 months, there vas complete resolution of the 
diseased area. 

It appears justifiable to conchulo that iii the 2 patients just described, an 
intractable situation due to clotted infected blood ivns rapidly and favorably 
altered following the action of SK which was supplemented by antimicrobial 
therapy and thoraeotomy. 


DISCUSSION 

The observations on patients described in this report indicate that the 
mtrapleural introduction of stre])tokinase (occurring in combination with 
atreptodoimase) is attended by extensive ensymatic fibrinolysis and liqnefao- 
bon of hemorrhagic eoagulunis. In accordance with the details of the methods 
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described, the clinical results have been accomplished, -vvithout undue diffi¬ 
culties either immediate or late, and the action of the enzymes has favorably 
altered the course of many of the patients. 

It should be recognized that as a therapeutic reagent, streptokinase acts 
solely as a means of effecting fibrinolysis and, in many eases, serves only as an 
adjunct to the broad management of hemothorax that may involve essential 
physiological and anatomical principles inherent in intrathoracic problems. 

Further studies on the use of streptokinase are required in order to e.\- 
teud its clinical usages, to define more clearly the best methods of application, 
and to determine the degree to which its action may obviate or simplify other 
more difficult procedures. 


SUMMARY 


1. In 10 patients with massive sterile postpneumonectomy hemothorax, 
the injection of solutions of streptokinase-stre])todornase was uniformly ef¬ 
fective in liquefying rapidly the intrathoracic coagulum and affording its 
removal by aspiration. 

2. Pour patients with infection contained within the postpneumonectomy 
hemothorax were treated successfully in a similar manner, appropriately 
supplemented by the use of antibiotic reagents. 

3. Eleven patients with traumatic hemothorax (bullet wound, stab wound, 
fractured ribs, and postoperative) with lungs in situ, have been treated by 
injections of the enzymes, often intimduced simultaiieously into multiple sitK. 

In 9 of the patients fibrinolysis xvas followed by a marked increase in 
the amount of sanguineous fluid removed by aspiration and extensive clear¬ 
ing of the pleural area. 

4. Ill 2 patients with infected traumatic hemothorax an intractable state 
was rapidly and favorably altered by the use of streptoldnase-streptodomase 

and was followed by recoveiy. 

5. Details of the mechanism of the action of the streptococcal fibrinolytic 
principle have been reviewed and the practical aspects of its use have been 
described in detail. 

The nuthors are indebted to Mr, John P. Goeller for the e,\ce]lence of the 
reproduced in this article, ns well ns for many otlier macro- and microphotogrnphs * 
supplied. 
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PULMONAEY PARAFFINOSIA (LIPOID PNEIDIONIA) 

A Critical Study 


Ralph Berg, Jr., M.D. (by invitation), and Thomas H. Burford, 

St. Louis, Mo. 


T he wide spectrum of pulmonary infiltrates so long a problem to Iroth 
radiologist and clinician is gradually being banded off and focused into 
recognizable segments. 

Pulmonaiy paraffinoma, which is advanced lipoid pneumonia due to mineral 
oil, still continues to masquerade and elude diagnosis. We -wish to emphasize 
that pulmonary paraffinoma can mimic lung cancer clinically, radiographically, 
grossly at the operating table, and is even mistakenly called cancer ou frozen 
section. This mistake has been made by us and reported by others. 

Laughlin’s^ report in 1925 on lipoid pneumonia in four infants and one 
adult was the first descri])tion of the disease in man and stimulated great 
interest. Pinkerton two years later reported six cases of lipoid pneumonia 
and for the first time presented a clear account of the pathologic events occurring 
after mineral oil reaches the pulmonary alveolus. 

Ikeda,- in 1937, made the obseiwation that lipoid pneumonia seen in infants 
differs pathologically from the usual le.sion in the adult. Recognizing the 
tumorlike character of the advanced adult type lesion, he gave it the descriptne 
title paraffinoma. 

Despite these early elcar-cut descriptions, there has been a tendency m 
both the literature and practice toward a confusion of terms and meaning 
concerning lipoid pneumonia. The present study compiising a critical analysis 
of our ovm cases and an extensive review of the literature represents an or 
on our part to define a clinical and radiograpliic picture which can be fair y 
consistently racognized. We have been fortunate in having the help of Pb 
ton in this study, and he has personally reviewed all the sections in our own 


series. ... 

The infantile type of lipoid pneumonia whicli is due to a variety of ipi^^ 
is not as frequently seen by the thoracic surgeon as is the adult type. Loo ^ 
excellent summaiy of the clinical picture of this disease stressed that t ie 
is either one suffering from a neurologic lesion resulting in loss of 
absent cough reflex, or requiring tube feedings, or is debilitated and as 
given oil medication. The child coughs, has rapid respirations, and fa ® ® 

weight. Radiogi-aphically, infantile lipoid pneumonia exhibits in ^],y 

aspiration areas which persist imehanged for months. Lack of hilar a^en 
is a major point in differentiating the lesion from tuberculosis, js 

accentuation of bronchial markings seen in chronic inflammatory 


strikingly absent; there is little pleural reaction. 

From the Department of Surcerj', Washington University School of Med 
Chest Surgical Service, Barnes Hospital. anrlntlon tor 

Read before the Thirtieth Annual Meeting of The American As 
Surgerj’, Denver, Colo., April 15-18, 1950. 
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Tlip infantile type of lipoid pneumonia due to niiueral oil represents 
temporally tlic initial stage of the adult typo and consists of a process in which 
alveoli arc occupied by oil-tilled nineroplinfres and free oil globules. Tbe lesion 
is usually more extensive than the adult type and unaceompnniccl by the late 
changes of fibrosis and granuloma formation. 

The adult type of lesion, with which we arc chiefly concerned, usually occurs 
in older individuals who are habitual usd's of mineral oil omll.v, intmunsally, 
or intratrachcnlly. Neurogenie and mcehnnicnl interference to swallowing may 
Ix! a factor, but is b.v no means always pre.scnl. Jlineml oil as sucb or in one 
of its n)cdicated fomw is tbe .sole etiological agent. There wny be no pulmonarv' 
svTuptoms or there may be such .symptoms as chronic cough with or without 
sputum, hcmopty.ses, low-grade fever, frc<iuent lower I'cspiratory infections, 
and dyspnea on o;:ertion. When compared vvith the minimal .symi>tonia pre- 
sentevl by the jjatient, the gross roentgenologic findings are u.sunlly strikingl.v 
greater than would Im anticipated. Clinicnll.v and radiographically, the lesion 
is most often interpreted ns n primurj- or metastatic tumor, or nn unresolved 
pneumonia. 

Radiographically, n pulmonary imrnflinomn appears ns n rather homoge¬ 
neous shadow with sharply defined peripheral limits and n contrn.sting fenther- 
iug of density nt its hilar aspect; this latter point we feel is n i)nrticulnrly 
valuable diagno.stic .sign. This correlates well with the pathogenesis of the lesion, 
namely, the macrophage transport of th.e oil to the hilar lymph nodes along the 
poribronehinl l.vmphntics. The lesion is located in I'ccogtiized aspiration sites 
in greatest frequency, for exnm|)le, lower lolw.s, apical divisions of lower lobes, 
and subapical segments of upper loltes. In other words, the Ic.sion is segmental 
in location. Hilar ndenopath.v as seen in advanced carcinomas has never been 
recorded or olKcrved by ns. The shadows are permanent and incapable of 
significant resolution. The Icsioas arc often multiple and arc often bilateral. 
The resemblance to the shadows cast by tumors is marked. 

For an understanding of the pathologic picture of the lesions of lipoid 
pneumonia we are indebted chietly to Pinkerton' and tbe following description 
is drawn in part from his studios. First of all, the pulmonarj- pathology varies 
with the type of oil and the length of time it has been in tbe lung. This explains 
the difference between the infantile and adult types. Pathologically, pulmonarj- 
paraffinoma represents a late stage of granulomatous productive inflammation, 
often clearly localized, densely fibrous and neoplastic in appearance. Slinernl 
oil is inert and acts purely ns n foreign body in pulmonarj' tLssues. Elimination 
from the lung occura by two mcthocLs: (!) expectoration and (2) transport to 
regional lymphatics in pbagocj'tic cells. 

Early, the adult type of lipoid pneumonia gro.ssly I'csembles the gray 
hepatization stage of lobar pneumonia, Tbe older adult tyj)c lesion or paraf¬ 
finoma consists of one or a group of nodular masses of varying size Ij'ing in 
close proximity to major bronchial trunks. The mass is slmrplj’ demarcated 
from adjacent lung parenchyma in its periphery. The ovcrlj-ing pleura maj' bo 
thickened and puckered. The ma.ss is firm, and the cut surface is mottled yellow 
to gi'ayish-yellow. Small cavities fiUod with oil are seen and the entire eut 
surface is oily. Its center is made up of a lobar or lobular bronchus. 
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A lesion is acceptable as a paraffuioma when the histologic picture described 
is found and the presence of mineral oil is demonstrated bj^ positive stainin<i 
with Sudan red and absence of staining Yuth osmic acid. The faihu'c of 
mineral oil to stain Y-ith osmic acid was first pointed out by Pinkerton.'* E.x- 
traction of oil chemically, saponification tests, iodine numljers, and fluorescence 
tests are not necessary for establishing the diagnosis.’’ 

In 1943, Wood® reported a case of bilateral alveolar cell carcinoma of the 
lung associated -urith lipoid pneumonia due to mineral oil. He attempted to 
establish an etiological relationship between lipoid pneumonia and tlie develop¬ 
ment of carcinoma. He quoted Twort and Lyth" who had found that several 
fractions of natural mineral oil produced primary lung tumors in mice. "Wood 
compared his ease xrith Jagziekte of sheep. One of our cases of pulmonary 
paraffinoma, or adult type lipoid pneumonia, exhibited epithelial proliferations 
of such a degi’ee that a frozen section diagnosis of cancer of the lung rvas made. 
This epithelial proliferation was noted in the experiments of Pinkerton.'* Sante’ 
reported two cases of squamous carcinoma of the lung occurring with lipoid 
pneumonia. The carcinoma arose ■within the lesion in one of the two cases. 
Microscopic sections were interpreted as showing carcinoma plus lipoid puen- 
monia. The regional nodes contained no cancer. 

Eleven authors-’ ®'^'* writing from 1933 until December, 1949, have reported 
adult type lesions -wiiich xvere tumorlike in their clinical aspects. Janes’* of 
this association reported two cases in October, 1947. 


CASE REPORTS 

Case 1 (B. A.).—This Cl-year-old white woman entered Barnes Hospital on Dec. 19, 
194G, with a histoiy of two months’ duration of malaise, chills, fever, and right antenor 
chest pain associated with cough, and a twelve pound weight loss. The referring doctor ffla 
a diagnosis, of virus pneumonia. The patient had used oral mineral oil on retiring re^ 
times a week for many years. She had suffered from cardiospasm for thirteen jears. 
examination revealed a poorly-nourished, chronically ill-appearing, white noninn wi i ^ 
clubbing of the fingers. Her temperature on entry was 39.4° C. Dullness to 
decreased breath sounds were noted over the region of the right upper lobe pos eno 
Bronchoscopy revealed notliing other than reddening and swelling of the mucous 
of the right upper lobe orifice. Esopliagoscopy levealed spasm of the cardia and 
abnormalities. A clinical diagnosis of carcinoma or vims pneumonia nas mn c. 
examination of the chest revealed two somewhat spherical areas of increased 
the subapical segment of the right upper lobe and one in the apical segment o 
lower lobe. At thoracotomy a firm mass in the subapical segment of the right upper 
another smaller lesion in the superior division of the right lower lobe were cncoun 
cut surface of the lesion wa.« yellowish-gray in color. There was destmetion of the jp 

Yellowish conglomerate areas, 3 to 4 mm. in diameter, containing oil cysts were 
some areas the pleura had thickened to 3 to 4 mm. Microscopic examination o 
revealed a tyincal paraffinoma in which the lipid stained with scarlet red and 
with osmic acid. 

Case 2 (E. L.).—This 46-year-old white man entered Barnes Hospital on M 
with the chief complaint of chest pain on the left and fatigability for three )ca ^ 
examination before admission had revealed a left lower lobe shadow. ro _ 
formed two weeks before the patient’s hospitalization revealed some ^ 

left lower lobe. The patient gave a history of a tracheal intubation at the age o 



, Fltr. 1.—Hofnlccfioproni of C. M.. Cnw 5, i^howlnc oUvJoub cystic eliariBofl In the 
lobes arnJ thu Damninonm fn llif riwlit lower lobe with rvloUvely |K‘rIplM-r)- nnd fcathorinff 

Of the hilar osp<^t of the ilenslly. 
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hoarseness which had persisted from that time. He liad suffered from chronic sinnsitiB and 
had been treated by an oily nasal spray and nose drops for an undetermined length of time. 
There was no history of hemoptysis. Physical examination revealed a thin ahite man with¬ 
out findings referrable to the chest and no clubbing of the fingers. Bronchoscopy was nega¬ 
tive. At left thoracotomy a 4 by 3 cm. mass was present in the posterior basal segment of 
the left lower lobe. The ovcrlj-ing pleura was thickened and at the base and over the lateral 
pleura, tumorlike 3 to 5 mni. in diameter yellowish lesions were seen. On cut surface, a 
yellowish gray-black mottled surface was encountered which oozed a colorless oil. Microscopic 
examination of the lesion revealed a typical paraffinoma which stained with Sudan HI and 
did not stain with osmic acid. 



Fig. -1. 

Figs. 4 and 5.—Posterior-anterior and right lateral 
which illustrate the periplierally well-circumscribed lesion 
right upper lobe. 


Fig. 5. 

roentgenogram of 
in the subaplcal 


R. B.. 

segment 


Case 1. 
of it® 


Case 3 (C. if.).—This 51-year-old white man entered Barnes Hospiffil on .\ug- 
complaining of dyspnea of one year’s duration, productive cough of six mon s x 

and frequent lower respiratory infections for many years. He had had no len 
bronchogram done two weeks before entry by tho referring doctor u as. essen 
tributorj'. Tlie patient had used mineral oil at night for a laxative for as ong 
remember. Physical examination revealed a well-developed white man wi i 
decreased resonance to percussion posteriorly over the right lower lobe *^*^®*°**’ , gi^gtoiu 
no clubbing of tlie fingers. Roentgenologic findings consisted of bilatera ^etn ^ 

buUae in the upper lobes and a large radiopaque area in the right lower ° jjj die 

thought to he a carcinoma. Bronchoscopic findings consisted of diffuse m produced 
right main-stem bronchus with large amounts of thick, tenacious spu m ppeonionee- 
on that side. At operation the lesion was thought to he a carcinoma an ^gjjor basal 

tomy was performed. There were huge cysts in the right upper lobe ao peribronebial 

segment of the right lower lobe was occupied by a firm, 5^2 by 4 by d ^m. m Jlief®' 

in location, with ill-defined margins and a yellowish-gray mottled oi y c\^ ^ 
scopic examination revealed a typical paraffinoma which stained with u pU 

osmic acid. The regional lymph nodes contained macropliages filled nut i nun 
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Care 4 (K. B.).—Tills 52-ycftr-old wliHo uonian ontorctl BnnK^ Hcwpitnl in July, 1048, 
bocflumj a Bliadou- wns found in the rljjlil lunR field on routine fiuorowopy. The pntlcnt Imd 
suffered from cnrdiospnsni for ten years. Slio Imd iu*cd niineml oil at ni};lit for constipation 
for three to four years and had uwhI Vick's VnimRub in the nostrils for cohls and chronic 
sinusitis. She had no pulmonary symptoms nnd hod had no heniopt}-sis, Ph}Tiieul cinniination 
rovealwl n wcllnlevelopetl, mo<lomtcly oIkw white woman. Esnminntlon of the chest was 
nepatlve. Tliorc was no clnbltiiij' of the flnpers. X-my examination revealed a circuniscrilKKl 
area of increased density in the richt np|»er lolm In tlie subapical segment. Bronclioscopy 
was nonroreallnp. A clinical dingnoslB of Himid pneumonia was made with the presence of 
carcinoma being atronglv considered. At rigid thomeotomv the lesion was found to Ikj a 










•rv 




_ Plir. 0.—This photomicrofTTaph of a hematoxylin and eosin section of the paraffinoma In 
i, well demoDstrates tho variable slxotl apacca which contained oil. 

5 cm, splierical mass in tho subaidcal segment of Uie right upper lol)e. Froten section was 
done and was said to re\'enl carcinoma. A right pneumonectomy was performed. Batcllito 
nodules wore seen in tho lower lobe. On cut Burfneo the lesion was seen to l>c yellowish-gray, 
mottled, and cxhibite<l sharp areas of tmnwtion between normal and involved parcncliyraa. 
There were small cystic spaces full of oil. Microscopic axamination of the lesion revealed a 
typical pamfflnoma witli failure of the lipid to stain with osmlc acid. 

Case 5 (E. II.).—This 02-yenr-oId white mon entered Barnes Hospital in October, 1948. 
He was osj-mptoraatlc and gave a history of a long lesion being found on a clianco x-my 
examination by a mobile unit Rronchogmms'had been made by the referring physician and 
Sealed an obetructioa to the right middle lol>c. Ho gave a historj’ of using dly nose 
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no clubbing of the fingers, A clinical diagnosis of carcinoma of the lung was made altliongh 
repeated sputa were negative for tumor cells. Eeentgenologic findings are sho™ ia the 
accompanying photographs. On bronchoscopy the only abnormality in the tracheobronchial 
tree was posterior displacement of the orifice of the right lower lobe bronchus so that the 



Fig. 8. 


^ * f T' H Cn.s€ sliowInP 

Figs. T ana S-roster^lor-anterlor^ana^H^^^^^^ ^°brclfTo°f"Ta° thomcotomy. 


1. . U, Ji I 

ii • ^ ^ ■ 





™„ n_krill': photograph Kihlblts a cross section of the i^adle loh 

Fig. 9,—tins pou'- b resemblance to carcinoma is inarKea. 


In which the 
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right middle lolw orifice wna in lino witli the right mnin-Htem bronclins. A riglit thoracotomy 
waji performed and n ycllcnviBli*gmy firm ioobb involring tlie pnrenrhynm of tho nuperior por* 
tlon of tlie middle IoIk* enuBinp ertensive puckering of the pleura was found. This Tvns 
associated rrith yellow-gray Implantu over tho \*isceml and parietal pleurae and the peri- 
cardloin. The lesion was thought to bo a enreinonm with metastoaes to the jK'rleardiom and 
both pleural surfaces. A frozen i»eetion of tl»e lesion was obtnine<l and interpreted ns allowing 
carcinoma. A polllati\*c resection was docldetl upon and carried out. Sections of the lesion 
descriliod rc\*caled a fibrotlc lesion with complete emsuro of the normal pulnionarj' architecture 
la whicli microscopic oil-flIIc<l spaces separated by fibrous tissue were seen. In some areas 
macrophages containing oil droplets could Ik* seen. There aerc foctil collection? of l)Titpho- 
cytes. The regional lymph nodes contained nincroplmgt*f« witli oil globules in tliclr cytoplasm. 
The pnlmonnrj* lesion was a typical paraffinoma. Tlie lipid material In tho oil-filled space? 
staineil with Sudan HI and fnlle<l to stain with osmic acid. 

C.^8^ 0 (R. 0.).—-This 52-ycar-old while man entcre<l Itnmes Hospital on April 7, 1019, 
because his physician discoveretl a lesion in the left lower lobe during a routine fluoroscopy. 
Tlie patient had suffered for years from cJironic sinusitis anti constipation and bad tJsetl 
mlaernl oil preparations for Imth lesions, lie denied nil pulniojiary symptoms. He had never 
sulTeretl an honioptysls. Physical examination revenlcd a fairly well-derclopeil white man 
who exldbitetl no physical findings of note on examining the chest. There no clubbing of 
the fingers. Bronchoscopy wns not performed!. A clinical diagnosis of f>o<slble carcinomn in 
the left lower IoIk* wnj» made preoporatlvcly. At left thoracotomy the lesion n-ns thought to 
Ijc R paraffinoma on the basis of gross findings of a C by 5 cm. hard, mottled, yellow lesion in 
the anterior Imsal ifortlon of the left lower lolie. Cut surface revealed millnrj’ olbfillcd spaces. 
Microscopic section of the lesion revealed a typical |»amfflnoma. 

SUMMARY 

1. Pulmoimiy parnffinomii is not uncommonly oncounlcrcJ l)y tlio tliomcic 
surgeon. The lesion Is cliuionlly, mdiogrnphically, nt operation, ond oven nt 
frozen section confused \nth carcinoma, either primary or metastatic, lifany 
lobes have boon needlessly sacrificed by failure to recognize the Inie nature of 
this lesion. 

2. Clinically the patient Ls usually an adult wlio may have no syTnptoms 
or .symptoms mimicking broncliiogcnic carcinoma, even hemoptysis. The patient 
almost always gives a histoiy of u.sc of miiicml oil or one of its medicated 
preparations either orally, nasally, or even intratracheally. Tliorc may or 
may not be an a.ssociatcd neurologic lesion resulting in impairment of ability 
to stvallow or mechanical interference with deglutition as vnth diverticula and 
cardiospasm. 

3. Koentgcnologically, circumscribed tumorlike .shado^vs in aspiration areas 
^vithout hilar, adenopathy and with peribronchial infiltration, especially in tho 
lower lol)cs, arc present. TIic lesion is rocntgcnologically more striking than 
the patient’s clinical symptoms would lead one to expect. The lesions are 
often multiple and frcfiucntly bilateral. 

4. At operation the lesion may so mimic carcinoma ns to result in needless 
pncumonoctomy when lobcctomj' would have sufficed. 

5. Pdmonary paraffinoma is often misdiagnosed and it is hoped that rc- 
nnved attention to the subject ^viU stimulate more accurate diagnoses. There 
has been some evidence suggesting that mineral oils are carcinogenic. 
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DISCUSSION 

DR. J. E. DAILEY, Houston.—We have had three cases of lipoid puenmoiua upon 


which we have operated, two of which closely resembled the appearance so 


well described hy 


Dr. Berg. I would like to show one case that was rather different, which began as an annfe 
inflammatory type of lesion. Tliis was a man about 38 years old wbo had liecn in the ha i 
of using oily nose drops for several months. 

(Slides.) This started with an acute onset of fever, 101° to 102 F., and the 
pearance of pneumonia, wliich apparently did not resolve. Tlie first slide, in March, i 
shown on the left; on the right, one week later, shovring a marked change in the appea 
of the lesion which at first looked like an inflammatory D’pe lesion. He improved som 
and his temperature decreased. However, he began to expectorate some 
(Slide.) This shows, two months after the first roentgenograms were taken, an ^ ® 
type of lesion. Tliis was the time at which we first saw the patient and, of course, 
first two roentgenograms our first impression would be carcinoma of the lung. 
obtained the first roentgenogTrams there was a little doubt because of the inflamma 
pearance. Bronehoscopic studies were performed, Papanicolaou slides and Ge oam 
preparations were made. All were negative for anv evidence of malignant cells. 

TVe operated on Iiira and the follo^ving■ is n postoperative roentgenogram. 
the lesion stiU appeared to be an inflammatory lesion, rather than tumor, so we e 
only an upper right lobectomy. The next slide shows the granulomatous ty^ o 
was present in the apical division. The next slide shows the microscopic specimen, i 
well the lipoid content of the cells. ^ 

DR- JOHN J. HARTER, Louisville, Hy.—The industrial occurrence of 
the lung has been mentioned before in the literature. I simply want to bring i ^ ^ 

tion again. "We have had two patients in whom the liistory was very de ni e^^^ Operator- 
Diesel motor mechanic who inhaled Diesel fuel oil. The other was a gear cu 


Gear-cutter macliines, I am told, use oil under very high pressure, reasing 

break and he would inhale the oil. I think it is well to remember tliat.t e me 


• the lines occasion 


of 
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oil under liigh pr05ffure nmy well (jivo us more of the**© pomfllnomoH in the future. Both 
our patients were opemtctl ujwn for lunp nlwccw nnd loltcetomieji were done. The pnmfTinomn 
wn^ found to ho the enuw’ of the luny uIhposs in cndi rti5e. 

I>R. JOHN K. MCDONAI^D, Rochester, Minn.—I wish to jmint out thnt not nil oil 
punnlonuis of the lung nre due to nilnerol oil. I wnnl to mention three ciu'es which 
lllustmto the \Tirloui» of oil pmnulomn of the lung which fire of importnnee to the 

surgeon, 

Tho finit ense is thnt of n vonng man, 17 years of nge, who hnd n history of chillfi and 
ferer of four months’ dumtion. A roentgenogmm of his thomx disclosed a shadow in the 
left lower pulmonary fiehl. A left lower loliectomy wns done. An nliermnt vessel to this left 
lower lobe was found coming from tho norin. After careful dissection of the hronrhlnl tree 
of the lower lol)e, It wns determined that there wns no eonununiention lictween this bronchus 
sml the rest of tho bronchinl troi*. The lolie Itself was airless, consoHdnteil, an<l yellow. The 
diagnosis was pulmonarj* scriuestnition with Hpoid pneumonitis of the lobe. Microscopically 
the pulmnnnrj* alveoli and bronchi were fllleil with inflamuintoiy- cells and u great deni of 
lipid was present in phagocytes. Orof-s chemical studies of this tissue rc\Tnled a total lipoiil 
eontent of 4.1 per cent made up of elndesterol esters, lecithin, and fatty acids. In this case 
it Is ohvioua that the oil is tho result of a brcakilown of the cells in tlic loin? by which 
process invisible lipids Itecome visible. 

The second case la that of a .voang woman who had hronchie’tasls. In order to deter- 
aiine the extent of the bronchiectafis, a hronchogTnni linil lieen nmdc with the use of 

lodocldoml. The oil base for lodocldoral In jK'nnut oil. \t tlie time of lobectomy, two weeks 

after tlie bronchogmm had lx*en made, conoolldated pioklth ycllow areas were found in tlio 
resected lobe wlilcli microscopieally (lomoustmte I nn oil granuloma. Oro.«s chemical studies 
^ere done on the consolidated grannlomntous nrens and tlm nonrODsolldateil areas of tlie 
wime lobe. These demonstrates] a large amount of iodine in tho eonsoUdnteil grannlomntous 
areas and pmctirally none In the noncon-solidatetl nrea.". Surli cvidcnpc is proof that this 
granuloma wns due to the lodoehloml. 

The third caao is that of a patient Imviog a m'neml oil granuloum. Tliomcotomy had 
been done to doienuine the nature of a roontgenogrophk shadow in the lung. At the opcmtlng 
table a piece of titsue was removed from the mass for micro^oplc dingnosia and a tentntive 
diagnosis of mineral oil grnnuloma was made from the fresh frozen section. Loliectomy was 

then done. The oil wos extnicteil from the lesion with fat solvents. It proved nonrenctivc 

to acids and alkalies. It was, therefore, concluded that Ihb* oil liolonged to the petroleum 
Croup of lipids. After operation, a history of repcateil instillations of mineml oil was obtained 
In regard to this imtlent. 

I consider it mudi more nccumto to determine the type of oil present in tliese various 
Granulomas hr means of gross chemical studies than by the use of liistologie preparations 
utillting the various fat stains. 

BR. A. J. GRACE, London, Ontario.—I want to empliasize what wns brought out by 
Br. Berg and Dr. Burfonl—thnt this is a problem which we can diagnose wrongly unless 
olive to its existence and frequency. I made a mistake, too, nnd want to present briefly 
■lldes whieli illnstrate one such case where pneumonectomy was dono. I think the principle 
®^t be stressed, during these days when we nro urging general snrvoys of chest cases and 
correct treatment for any clrcutuacril>ed or other moss that is found, that wo must not over- 
Iroat these cases nor do unnecessary major operations, and tills case is certainly nn un- 
fortnuate illustration of tlint point. 

(Slide*.) This Is a man nearly GO j-eani of age, who liad minimal symptoms. You will 
^te at the right base a collapsed middle lobe. The picture docs not show well a circumscribed 

wliich was picked up in the course of x-my studies. The next slides show tho specimen 
romoTod by pneumonectomy. The process Involved the lower as well ns the middle lobe, nnd 
Bmt was tlie reason for the pneumonectomy. 
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The principle to be emphasized is that which Dr. Berg brought out, that fl-e ranst be 
on the lookout for this lesion. It is a relatively common one. Mineral oil is being used too 
much by the public, it has some dangers, and I think we should make that fact known. This 
case illustrates the point that the sjTnptoms, although marked, were not in keeping with the 
suspected diagnosis of carcinoma, and I think we should have considered that. We have seen 
one similar case since in which operation was avoided. 

DR. BURFORD (closing).—Dr. Berg has indicated the reason for our interest in this 
lesion. Failure to recognize the probability of a paraffinoma by neglecting to elicit the 
pertinent historical facts, and lack of proper conception of the radiographic appearance, will 
often lead to the development of a cycle of vicious events which may even encompass the 
surgical pathologist. The result is the needless sacrifice of normal lung. Recognition of the 
principles stressed by Dr. Berg has enabled us to diagnose this disease with fair accuraev, 
and leads us to believe that far fewer mistakes will be made in the future. 

Dr. Grace has shown a beautiful example of a true parafilnoma. I would like to thank 
him for liis remarks and particularly for his choice of a case. 

Dr. McDonald’s case was not what we are talking about today. We purposely and 
carefully excluded this type of lesion from our group in order that clarity of thinldng may 
be attained in relation to the true paraffinoma. 

We disagree vehemently that one needs more than the hematoxj'lin and eosin and 
osmic acid stains to diagnose histologically the true paraffinoma. 



SDEGICAL TREATJUUNT IN PULJtONARY COCCIDIOIDOJriXOSIS 

PnKi.iiiiXAiiY Report op Thirty Cases 

Bert 11. Corro-v, IM.D., akd (by inmtatiox) J. W. Birsnkr, II.D. 
Bcteri.y- IIIU.B, Came. 

S URGICAL innuiigemcnt of thirty cases of pulmonary coccidioidomycosis is 
reviewed. Operative criteria are cslahlishcd. The rcsiilt.s oiitained in tliis 
limited mimlicr of Hclected cases arc extremely encouraging and appear to 
warrant further analy.sis. 

The complications of pulmonaiy coeeidioidomycosis arc: (1) fibrosis of 
varjing degrees of parenchymal infiltration; (2) eoccidioma (this term has been 
employed by the authoia to repicaent the cireuniscrihcd dcn.sity occurring in the 
lung parenchj-ma, n.s a coccidioidal granuloma, comparable to a tuberculoma and 
indistinguishable both TOcntgcnologically and anatomically) ; (3) dis.seminntion; 
(4) pleural effusion; (.fi) bronchiectasis (extensive .study of bronchoscopy and 
bronchography findings has yielded considerable information which tends to 
prove that broncbicclasis is a common a.iiuela of pulmonaiy cceeidioidomycosis); 
and (G) cavitation. 

Of these six complicnlious, cavitation presents the grentest dilemma to the 
attending physician n.s to both prognosis and treatment. The course of ca\ntic.s 
may Ix! divided into an acute atid a chronic phase. The acute cavity appears with 
the parenclyTiuil itifiltration and disnp|)cais completely with the resolution of 
the infiltration. The tjniical chronic cavity persists apparently with a minimal 
or no zone of fibrosis around it. The minimum period between 1hc.se two phases 
is usually from six to eight weeks. Anotlicr interesting finding is the lack of 
correlation between the extent of parcncly-mnl involvement during the acute 
phase and the development of complications. 

The complications occurring in the medically treated or untreated cavities 

arf» • 

1. Giant cavity 

2. Secondarily infected cavities 

3. Ruiiture of camt.v 

a. .spontancoiLS pnoumotboi-ax 
b. empyema 

c. bronchopleural fistula 

4. Noncxpansile lung 

5. Ilcmoptysis 
a continued 
b. severe 

authors’ series 

Significant data pertaining to the thirty patients included in this scries 
arc summarized in Table I. Diagnosis was confirmed in all instances by one or 

Re®(l before tho Thirtieth Annual Moetinff of The American Awtoclation for Thoracic 
noTBery, Denver, Colo.. April 1&-18. 1950. 
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more of the followin;; conclusive Inborator}’ nielliocls: spherules in sputum; 
complement-fixntiou test; culture; puinen pig inoculation; and/or pathologic 
sjKicimen. Five coses used in this series wore included when they met the 
following criteria; tyiiicnl historj" of acute puliaonarj- coccidioidomycosis, thin- 
walled cavity by roentgen examination, negative Jiantoux and positive coc- 
cidioidin skin tests. 

It is interesting to note that the diagnosis of coccidioidomycosis is oc¬ 
casionally easier to make in vivo than on examination of the pathologic specimen. 
The coccidioidal cavity, which in the acute phase allows recoverj’ of the 
spherules from the sjmtum, may lo.se its identity in the presence of a super- 
imiKiscd infection of cither tubercle bacilli or pyogenic organisms. 

Types of operations employed in the .series were; 


1. Pneumonectomy 5 

2. Lolmetomy 11 

3. Segmental lobectomy 8 

4. Wedge re.scelion with deeorliealion 5 

0. Decortication plus tborneopla.sty 1 

Total W 



FlB. t. 

8 (Copo 21).—Cocofdionm. 

9 (CaiKj 7).—PostoporatlVQ film foJIoning Oecorticatlon. 


Twenty-seven of the thirty patients underwent operations for carities, 
only six patients received operations for empyema,'five of which had cavity 
resections, and throe operations were performed in order to rule out the presence 
of carcinoma. Case IG had associated primarj' carcinoma of the lung. In Case 
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11, the rapid destruction of lung parenchyma under medical management made 
the operation an emergency. In Case 7, concern over surgical intervention ivas 
expressed by the medical department because the blood titer was in the dissemi¬ 
nation range. Despite this fact, as Avell as the fact that a caidty ivas removed 
and a decortication performed in the presence of a coccidioidal empyema, no 
clinical dissemination occurred postoperatively and the titer fell. In Cases 2, 
3, 5, and 13, resection Avas done under local anesthesia in order to avoid post¬ 
operative complications arising fi’om drainage. Cases 5, 9, 13, and 29 were 
complicated by tuberculosis in addition to coccidioidomycosis. In Cases 2 and 
3, voluminous sputum due to secondarily infected caAoties was present. Tlie 
only death in this series was due to a eoronarj’^ occlusion several days following 
operation. 

DLSCUSSION 


Statistically, pulmonary coccidioidomycosis ma}’^ be considered a beuip 
disease even in areas in Avhieh it is endemic. HoAvever, such statistics have little 
significance to the patient hemoiThaging from a coccidioidal caAoty, to the 
patient Avith a secondarily infected cavity (lung abscess), to the patient Avith 
dyspnea from an unexpanded lung, or to the patient misplaced in a tuberculosis 
sanatorium. The inaccuracy of genei-al statistics regarding pulmonarj' coc¬ 
cidioidomycosis is perhaps directly attributable to three factora; 

1. No simple diagnostic test is readily available in areas in which the 
disease is endemic. 


2. No clinical sjTnptoms manifest themselves after the patient has left the 
endemic area with the result that tlie proper diagnosis frequently is overlooked. 

3. The majority of extrapulmonary lesions warrant hospitalization and 
extensNe laboratory procedures, thus oA'ei'shadoAving chronic pulmonary lesions 
which may be treated on an ambulatoiy basis. 


There is little doubt that certain selected cases Avill respond to inediea 
treatment. It has been unquestionably proved by Winn* that many cases o 
coccidioidal cavitation can be cured by collapse therapy. In our series of ca^s 
where medical treatment Avas employed, the results Avere unsatisfaetoi} • 
medical measures ranged from bed rest, phrenic nerve crush, pneumothorax 
and pneumoperitoneum to months of hospitalization in tuberculosis sanatona 
Postsui’gical examination of the specimens revealed tAvo causes for the ai ui 
of collapse therapy. (1) the caAnty, although appearing thin-Avalled 
graphically, actually Avas composed of a dense fibrinous wall wliich co 
obliterated AAuth difficulty by direct manual pressure; and (2) dense a 
were present from the eaxaty waU to the thoracic cage. The rationale of 
removal in such cases Avas clearly^ established. Although the recoi 
that operative procedures in instances of extrapulmonic infections o 
oidomjmosis usually had resulted in further spread of the disease process, 
progressive deterioration of certain patients under medical managem 
pulmonary resection as the only means of arresting the disease. 


*AA^ A. AAUnn, Spiingr\-llle, Calif., personal communication. 
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Tlic rciiinrknlile recovery ivitlioiit complications wliicli followed the initial 
operations in this series, coupled with the fact that decortication ivas performed 
in the presence of an active coccidioidal empyema with comjilete re-cx])nnsion 
of the lung, the wound healing hy jirimarA' intention—these results led us to 
conclude that suitahility for operation could he determined without regard to 
the etiological nature of the imthologic condition or whether the disease was in 
a dormant or active phase. Consequently, we disregaided all lahorntory find¬ 
ings and i-icwed the coniplication of pulmonarj' coccidioidom.vcosis from the 
mechanical standpoint only. A close anal.vsis of the data in Table I further 
substantiates our conclusion that the medical status of the disease has little 
effect on either the indications for operation, the choice of operative procedure, 
or the pastoperativo results. Only in determining the priority for the jiatient 
on the operating room schedule is the medical status of the disease significant. 

.SUMMARY AND CONCLUSION 

1. A series of thirty cases of inilmonarj- coccidioidomycosis treated hy 
surgical methods is presented. 

2. Surgical treatment in pulmonary coccidioidomycosis can he used to pre¬ 
vent death and is effective in arresting the disease jiroccss. 

3. Surgical treatment in pulmonary coccidioidomycosis does not cause 
dissemination of the disca.so to the .skeletal or nervous system, but may even 
prevent dissemination. 

4. Surgical treatment is definitely indicated in imlmonnry eoeeidioido- 
mycosis in the following conditions: 

1. Specific typo-s of cavities 

a. Giant cavity 

1). Secondarily infected cavity 

c. Blocked cavity 

2. Rupture of cavity 

a. .spontaneous pneumothorax 

b. empyema 

3. Nonexpan-sile lung 

4. Hemoptysis 

a. continued 

b. severe 

5. Coccidioma—expanding lesion 

6. Failure of medical treatment (eollapse therapy, etc.) 

5. Coccidioma, which is usually .single but may be multiple, must be differ¬ 
entiated from a tuberculoma, hamartoma, and both primary and metastatic 
carcinomatous lesions. 

G. Lung complications resulting from pulmonary coccidioidomycosis should 
he evaluated surgicallj' from the standpoint of pathologic lesions without regard 
to the fungus origin or activity of the disease. 
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7. Surgical treatment in selected cases of pulmonary" coccidioidomycosis 
results in rapid rehabilitation of the patient. 

8. The combination of pulmonary ea^dties due to tuberculosis and coccidi¬ 
oidomycosis does not eonstitute a contraindication to surgical management. 


DISCUSSION 


DE. W. L, KOGERS, San Francisco .—1 have followed Dr, Cotton’s work with a great 
deal of interest and I am sure you will agree that after this excellent report, which I believe 
represents the largest surgical experience reported to date in dealing with the complications 
of pulmonary coccidioidomycosis, together with the exceUent report by our Denver colleagues 
as a result of their experience at Fitzsimons some two years ago before tliia organization, 
we are able to crystallize very well indeed our tliinking in dealing with these complications. 
In the r6sum6, I bePeve point number six covers it very well. Lung complications resulting 
from pulmonary coccidioidomycosis should be evaluated surgically primarily from the lesion 
in question and the symptoms thereof, without regard to the specific fungus origin or per¬ 
haps the activity of the disease. This statement appears to me to be of primary significance 
while the surgical approach or technique used in the individual case may be considered 
quite secondary. 


In our small series we have used lobectomy, wedge excision, decortication on the visceral 
pleural surface and, in four instances which may be of interest and sufficiently significant 
to relate, we have done a simple enucleation of the residual cavity. In each of the four cases 
the presenting symptom was repeated hemoptysis, a sjTnptom mentioned by Dr. Cotton in 
some cases with a residual cavity. The existing pathology in each instance was a thin-walled 
cavity superficially located. In two instances, because of an incomplete fissure Iretween the 
apex of the lower lobe and the inferior posterior segment of the upper lobe, the canty 
transcended into two lobes. Very simply these cavities could be enucleated, vessels and 
small bronchi being ligated as encountered, and the defect created left opeiu Bearing m 
mind the importance of rapid expansion, especially when dealing with specific infections, we 
have utilized low-grade suction postoperatively in all these cases without encountering any 
trouble witli the pleura. 

I think it also highly important that in no instance was there clinical manifestation of 
reactivity, x-ray manifestation of activity, or serologic manifestation of reactivity in any o 
these people so treated. This last statement also applies to our other cases treated perhaps 
in a more orthodox manner. 


COL. JAMES H. FORSEE, Denver.—Two years ago we reported before this Associ 
tion our experience at Fitzsimons Hospital in tlie management of 13 patients with pulfflona ^ 
coccidioidomycosis with focalized lesions. In view of Dr. Cotton’s splendid report it ma. 
be of interest to note the foUow-up studies on the 13 cases. 

Four patients had granulomatous lesions removed and all have remained welL ^ 
patients had lobectomies performed for cavitary lesions. One patient developed pu tno 
tuberculosis. After a review of the surgical specimen removed there was no 
tuberculosis present in this lung. Two patients are salesmen (one on a half-day basis), ^ 
are doing active military duty, two have been for the past year and one-half actively e 
as truck drivers. ■ ■ ■{ 

We have continued to recommend pulmonary resection in coccidioidomycotic caviti 
there are symptoms. These symptoms, as mentioned, are generally hemoptysis and pam- 
results so far, we beUeve, have been reasonably satisfactory, but we are not at all 
the complete answer has been given in the treatment of cavities by' lobectomy or p 
resection. We believe, however, at the present time, that this is the best method o nia 
ment of persistent cavitation. 
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DR. JOSEPH A. ^\’E1N^ERG, Vnn Nuys, Calif.—There in one point that I feel 
shoalcl Imj brought out particularly in disetisfiin}; aurpcnl treatment of pranulomatoufl or 
cystic coccidioidomycosis of the lung. Ono reason for feeling oor miy cautiously in applying 
surgery up to the present time is that wc have known so little about why the discoso some¬ 
times manifests ilsolf ns u localized disease and nt other times becomes a disseminating dis¬ 
ease. jVlthough not proved, it lins l>cen suspected tliot the trauma of surgery during the 
acuto stage of high complement flxatlon titer might conN-ert n localized lesion into a dis¬ 
seminating infection. This question assumes gmvo significance when it is considered that 
about one-hnlf tlie dlsseminntlng coses are fatal. Tlicrefore, it might bo well, wldlo wo are 
feeling our way witli surgery in the locnlized lesions, to limit ourselves to those cases with 
negative complement fixation and to those cases with low complement fixation in a phase of 
declining titer. 

I would like to show one case of mther extensive surgery which prolmbly wonld not 
have henlc^l othcnvlse, nt least not ns quickly. (Bllde.) In this case thoracoplasty was 
performed after drainage of nn em[»ycnm wliich was secon«Iary to a pulnionniy lesion of the 
tyi>c Dr. Cotton has shown. This slide shows the |)crslslcnt spare after thoracopla-«ty; even 
further thoracoplasty fnile<l to heal the empyema or the multiple fistulas associoted with it. 
The next slide Is after extrapleural pneumonectomy, that is, pneumonectomy with decortica- 
tiem. Following this proco<lurc the empyema together with the multiple fistulas healed. Con¬ 
valescence was uncN'entful and the patient remains well today. 

I have three slides from this ease which may be of interest from the standpoint of 
hlstopathologj’. In this elide wo see a sporulnting granule lying free In the pulmonary 
tissue, with its double refmetile mcrabmiio. Tlio next slide sliows n clinractcrietlc granule 
tvith epithelioid cells, giant cells, and n few leucocytes in the specimen. Ilpro wo see two 
empty sporulcs, showing that they arc nonvinble. The next rather interesting higl» power 
slide shows this giant coll apparently extending out pseudojKNlla-lIke proci-ssos to engulf the 
two sponales. 

DR. COTTON (closing),*—The chronic coccidioidal cavity should bo included In tlio 
fillTerential diagnosis of nil chronic cavities. Modem day transportation bofl transformed an 
tmderaic diseaso Into n pandemic disease. Widespread medical interest in coccidioidomycosis 
is manifested by more than 200 articles In the literature, with cases reported from Uio Now 
England Btntes to Argentina, South America. 

Dr. Rogers lins mimmcd up the treatment of the chronic coccidioidal cavity very com¬ 
pletely. It may Ik* considered from tlie mcclmnlcnl standpoint nlono, nnd tho disease process 
itself can be disregarded when tho patient needs definitive surgical treatment. 



C.- Bkpoh. W„„ p J*™! 
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CASE REI»ORT 

Hitiory. —L, S., a 28-yctir'Ol(l while mnle cnri>(*ntor, oiitcrcil tlio hcwpitnl April 11, 1949, 
coniplaliiinp of palpitation (el^jhlocn months^ dumtioo) nnd a chronic prcnluctive couj;h 
(j»ix yeam’ duration). Funnel client deformity lind heen prcHont since the ngo of 9 months. 
For eighteen m-onths jirlor to hoppUnlljmtion the patient had oplsodcfl of rapid regular 
heart action ossoclatetl with wenkue^s, dijaines", precordinl pain, djvpnea, and .'*woiitlng. 



Pic. 1. —Anterior and lateral view* of the cheat, prcoperatlve amt postoperative. 

The attacks occurred at irregular intcr\TiIfl, began nnd stopped suddenly, wore produced 
by exertion and relieved by rest. They lasted two to fifteen minutes. During the attacks 
the puUe seotnod regular but the rate ineroasod to about 200 licnts per minute. These 
©plwDdes of tachycardia Increased in severity nnd duration until two months prior to ad¬ 
mission when slight exertion, such ns assuming a standing position, initiated on attack. 
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The patient gave a history of nioderntelj' severe bronchiectasis for 6 years. There 
vras no family history- of funnel chest deformity. His father and mother were in good 
health and seven brothers and sisters were alive and well. The patient had lived a normal 
boyhood and was a distance runner on the high school track team. He was discharged from 
the army after eight months’ service because of bronchiectasis. 

Physical Examination .—The patient was 73 inches tall and weighed 13G pounds. The 
chest was long and thin and the lower sternum with adjoining cartilages was depressed 
two inches (Fig. 1). This depression held 300 e.c. of water. The trachea was in the mid- 



Fig. 2.—Posteroanterlor and lateral roentgenograms of the chest, fptn-een the tlp ” 
operative. The normal dorsal curvature of the spine Is absent. C!*|®^^?"^fourths Inches UU 
sternum and the anterior surface of the vertebral bodies Is one and time _ occurrru 
operatively and three and on-half Inches postoperatlvely. Recession or si.e 
by nine months after elevation. 
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line. The coital excurnloiiR wore B^vnnnietHcnlly Hniitod. The normal curvature of tho 
dornal apine wrj« iibj'ont. Krpimlorv wheezes were heard over the entire cliosL nnd coarse 
moist rftles nnd rhonclil wore present in both Itnses. Tho expimtory plinso wns prolonRod. 
Tho henrt wns displaced to tho left. Tlio left liorder extended to tho midnxUInrj- line. 
The ri^ht tiorder could not Ik> loenlizod. The henrt tones were incrensod in intensity nnd 
there wns n loud rumbling; systolic muruiur henwl beat in the fourth intorspneo to tho left 
of tho alornum. Blood pressure wns llo/70. The henrt mtc varied from 03 nt rest to 204 
after mlnlnml exertion. 

Laborntory Examinations .—Urinalysis nnd complete blooit count were nomml. Serolopj' 
was negative. Tho Imsnl rm*tabolic mtc wns plus (1. Sputum showed gram-posltivo cocci 
and numerous diphtheroids. 

Posteronntcrior nnd Inteml chest roentgenogmma showed marked indentation in tho 
lower portion of the sternum nnd adjacent cnrlllnges producing n marked funncl-shoped 
chest. The heart nnd mediastinum wore displaced to tho loft (hlg. 2). 

Bronchogmphlc nnd bronchoscopic examinations revonlod bilateral fnr-ndvnncod 
bronchiectnsls, most marked in the right middle nnd lower lolie*. 



3.—The electrocarOIOffrani t«ken preopcrntlvcly under basal conditions (column 1) 
raowed an auricular tncliycarUla with S:1 nurlculovontrlcular block, ond deep, peaked Inverted 
^ wai-e* In Lends ll and III. A right heart strain -pattern m-as present. After exercise (col¬ 
umn 2) the block became 1:1 with a ventricular rate of 1S7. After the administration of quJnl- 
dme (column 3) tho rhythm became sinus and the right heart strain pattern persisted. Qlont 
peaked P waves were striking. 

Postopemtirely the electrocardiogram became normal (column 4). The straln'pattem dis¬ 
appeared. The P wav-es returned to within normal limits. The ventricular rate averaged 64.* 

“A’” leads 1 through D before and. after surgery wore normal with the exception that 
they showed tho heart to be rtcflnitely displaced nnd rotated to the left, tho trtmslUon xonc (»ep- 
tPm) being at V* and V« (normal Vi nnd-Va). 


Hospital Course .— 

Treoperative: Electrocardiograms showed the presence of n persistent supraventricular 
tachycardia with a vnrjnng block of 5:1 to 1:1 (Fig- 3j. Tlie l;l response occurred‘after 
thlnimal exertion and simulated tho episodes of pnlpltutlon recorded in tho hustory. Ajfter.- 
two weeks olwerwation -without change in tlio cardiac status, small doses of • ' 

(0.2 (tm, every four hours) were administered ornlly and tho rhjihm reverted A'' 

®fter 0.0 Qm, However, the tall peaked P waves and the right heart hU ■ 
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fisted. TIic patient was dyspncic nt bed rest boforo and after qulnidino. Ho wna miring 
10 ouocefl of bronchicctntic ppatura In twenty-four boor*. During tJiis time, treatment 
of the bronchiectasin consisted of postural drainage and ponlctllln therapy. 

Angiocardlogmphlc exnniluntiona proopcmtlrcly. (Figs. 4 and 5) showed marked 
onlargetuont of the right ntriurn and ventricle. Tlie tricuspid vnlvo ring was distorted. 
Dye puddled in the ntrlum, nnd circulation to the right ventricle wns delayed. TIio grentor 
circulation ^‘as normal. The nnrtn appeared wimcwlmt hj'popinstir. 

Opfrattre Procedure: On July IP, 1P4P, under nitrous oxide endotmclical anesthesia 
sapplomonted by sodium pcntothnl, n straight incision was mndo from the aupmsternal 
notch to below the x\*plioid. Tho skin, SQl>cutnncous tissues, and j>ectoraJ musclCvS wore 
reflected laterally on cither side to beyond tlie costochondml junction from tho second rib 
downwnrd. The second to fifth cartilages (Inclusive) were resected subperichondmlly from 
sternal iittachmcnts to costal junctions, and the fubod curtilages wore divided. The inter¬ 
costal muscles were left intact. The diaphragm was released by separating tho x^-phoid 
from the gladiolus, severing tlio sulisteninl ligament. The sternum could then l>e brought 
well fonv'ard without dividing the nmnubrlum nnd gladiolus (ns recommende<l by most 
authors). 



Flff. C.—Angiocardiograms of the lesser (left) and greater (right) circulation three weeks 
futer elevallon of the sternum. The right atrium Is considerably sniaUcr and tho circulation 
time U normal. 


The xj’phoid was allowed to drop posteriorly with the abdominal muscles and lower 
cartilages. A 10-inch segment of the left ninth rib wns then resected subperlostoally and 
passed behind the sternum through the fourth cartilage spaces. When the rib was turned 
with its convexity anteriorly an over correction was obtained. However, when turned with 
its conca\dty anteriorly, tho cosmetic effect was satisfactory. 

Alter obtaining cancellous bone contact, the rib strut was anchored to tho fourth 
anterior rib stump on cither side with two interrupted sutures of Ho. 26 steel wire. With 
this Hiatlon there was a tendency to spread tho rib cage more widely, reducing the In¬ 
version of the distal portions of the ribs. The wound wns flushed with normal saline and 
rioted in layers without drainage after topical application of 300,000 units of penicillin 
onto tho mediastinal tissues. No. 35 stainless steel wire sutures were placed in the fascia 
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of the pectoral muscles as the}^ were approximated. The skin and subcutaneous tissues 
were closed uuth interrupted sutures of similar material. The rib resection defect ivas 
closed with interrupted silk sutures. The operative time was two hours. 

Postoperative: On return from the operating room, tlie patient was an-ake, tke hart 
rate was 72, and the blood pressure 110/70. He was ambulated on the second postoperative 
day. The wound healed bj' primar}- intention. 

Electrocardiograms obtained during the operative procedure showed diminution in 
the height of the P waves. The electrocardiogram taken the second postoperative day 
showed the right heart strain pattern had entirely disappeared and the P waves were 
normal. 

Angiograms taken three weeks after operation showed (Fig. 6) the right atrium 
diminished considerably in size and the delay in the transit time of blood through (he 
right atrium and tricuspid valve completely alleviated. Subjectively the dramatic re¬ 
sponse to sternal elevation paralleled the objective findings. 

All studies have been repeated up to nine months postoperative and have remained 
within normal limits. The sternal depression now holds 30 c.c. of water. The murmur 
has disappeared. 

DISCUSSION 

Prior to elevation of the sterninn, this patient was a cardiac cripple. The 
slightest exertion provoked tachycardia and incapacitating dyspnea. There had 
been no congestive failure. The type of arrh 3 rtlnnia, that is, supraventricular 
taehj'cardia with a vai-ying degree of aurieuloventricular block (5:1 to 1:1)) 
uncommon. The tachj^cardia had apparently been present for eighteen months 
and the degree of block varied witli the patient’s activity. The dynamics of the 
circulation were altered b,y delaj' of blood flow through the right atrium aud 
tricuspid valve. This was obviated after sternal elevation. Disappearance of 
the murmur suggests that it had been due to distortion of the tricuspid valve. 
The previously conspicuous right heart strain pattern disappeared. Angio¬ 
cardiograms obtained about three weeks after surgery showed consideiabk 
diminution in the size of the right atrium and a normal transit time of h o 
through the right heart. Postoperative exereise tolerance tests (Master s two 
step) were normal, in contrast to inability to carry out exercises preoperative y 
The electrocardiogram became nonnal and has remained nonnal. In the nme 
mouths since surgervy there has been no recession of the sternum, (viiculatorj 
djmamics are normal. Though the heart size has diminished, the mediastinum is 
still shifted to the left and the transition zone is still Vj to Vo eleetracai 
graphicall 3 \ 

SUMJIARY 

1. A ease of severe funnel chest in a 28 - 3 mar-old man with incapacita 
cardiac sjmiptoms and bilateral bronchiectasis is presented. 

2. Detailed pre- and postoperative studies of the circulation 
premise that cardiac disabilitj^ was due solelj^ to impingement on the ea 
the defonned sternum. 

3. Eesults obtained by^ sternal elevation in this case substantiate 
elusions of Lester and Kariteh, who believe tliat surgical correction of sev e 
progressing deformities should be accomplished in childhood. 
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ADDENDUM 

On June 5, 1P50, n FiuTef^ful riplit mldillo nnd louver bilol>oetoni.v uns performed for 
relief of tliJ« patient '5 bronchiectn^is. T)io opcmti\*e findings will be fubmittc<l for publica¬ 
tion later. 
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DISCUSSION 

DR. J. E. DAILEV, Houaton.—I was intcreated in the technique used by Dr. Dornor 
in this case, and how nicely it turned out. I.aat year, in diacuoalng Dr. Lester's paper on 
pectns oxcavotum, I presented a case with a now technique, that of elevation and fixation 
of the sternum by a rib graft. I did not report the case l>eeauae there were some indi- 
vldnals wlio questioned whotlior tlio result would hold up over n period of time. J^Iy pa¬ 
tient disappeared and It was only last month that I discovered whore she was located, 
alxjut 223 miles awny. With (he fine cooperation of a doctor there, wlio made some x-my 
and cloctrocardiogrnphic studies nnd obtained u photograph, I received tlio following 
slides. I would like now to show the results after two years. 

(Slides.) This shows the patient iK-forc oiKwation, the lateral roentgenogrnn: showing 
the marked depression of the sternum. The next shows the immediate postoperative photo¬ 
graph, and the next was taken nbnot one month after operation. The lateral incision is 
whore a portion of the ninth rib was removed. After removing tho cnrtDago nround both 
sides of the sternum, tlio atornuni was elevated nnd the rib placed across beneath it be¬ 
tween tho second rib on tho right and the third on the left, and wired in place, thus acting 
ns n bridge and mipporting the sternum In Its proper position. 

The next slide is the lateral roentgonognun taken two years after operation, showing 
an excellent distance iKjtweon tho sternum and the splno. Tho next slide shows what 
has happened to tho rib graft and I think you can see clearly where it has completely 
fuse<l with tho ribs on both sides of tho chest. 

I believe that this example thoroughly illnstrntos that this tochniquo is practicable 
and that it will stand tho test of time as well as if not bettor than some others. 

We did not have tho complete nnd l)eantlful cnrdiogrnphie studies on our cose that 
Dr. Dornor nnd his associates had. However, I might add that our patient showed a 
marked right ails deviation by electrocardiography nnd had the same cardiac symptoms 
as did his patient liofore operation. One month nftor operation the electrocardiograph 
showed Improvement, and wns perfectly normal at the end of two years. 

DR, Laurence miscall, Now York.—To the many methods that have been ad¬ 
vocated, recently was added In tho lltemturo the possibility of fixation of the elevated 
sternum by the nee of Kirschner ■nlros. I would like to show you one case In which we 
have need it and permit >*00 to draw your own conclusions as to whether or not it is ad¬ 
visable. 



452 


THE JOURNAL, OF THORACIC SURGERY 


(Slides.) This little girl came to the New York Hospital because of severe respiratou 
difficulty, and constantly held her hands against her sternum to give some stabilization 
for respiration. Here is the posteroanterior view, March 7, 1949, showing distinct dis¬ 
placement of the heart to the left. The lateral view shows the depression of the sternam. 

At operation we did what has been advocated generally; resection of the costo¬ 
chondral junction with elevation of the sternum. This was fixed by the criss-cross in¬ 
sertion of two pieces of Eirsehner wire which were drilled across the sternum from the 
normal level of about the second rib diagonally into the end of the sixth rib of the op¬ 
posite side. One wire was removed on the sixth postoperative day because it presented 
under the skin. The ne.xt slide shows the lateral postoperative view. The posterior curva¬ 
ture of the longer wire indicates the presence of definite tension on it. This was an ex¬ 
cellent method of stabilizing the sternum and we were quite satisfied with it at the time 
of operation. The patient made an uneventful recovery. 

(Slide.) This roentgenogram was taken in early August, when the girl was at the 
beach with her family. To this time it was a very beautiful case presentation illu.^trating 
the use of a new method. 

However, in October the child returned to the Now York Hospital with the story 
from her mother that she had had whooping cough. She had absolutely' no symptoms. 
When this patient was fluoroscoped, in full expiration the wire picked up the motion of 
the heart. I think you can see the evidence of pericardial effusion and the position of 
wire in this plate. It was necessary to approach this through the left pleural space in 
order to keep away from the previous repair of the sternum. We removed this foreign 
body from the child’s pericardium which contained a large amount of blood. 

I think you can draw your own conclusions as to whether you wish to place and leave 
such wires in a child’s sternum. 


DR. CHARLES W. LESTER, New York.—I have been very much interested in fto 
demonstration of Dr. Dorner’s, about the cardiac disability that occurs in cases of funnel 
chest. I am firmly convinced that all patients who have any degree of depression of the 
sternum, have some cardiac disability'. This is manifest first by' the fact that they ar® 
nearly all underweight, underdeveloped, and show the general condition of individua 
who have chronic heart trouble. In the second place, they do not know that their hea^^^ 
action is restricted because they' have never experienced normal heart action. They e 
you they are all right before operation, but after operation they note a marked impro\e 
ment. Of course in a case such as Dr. Domer showed there is no question about the am 
age to the heart, and that is true in any' ca.se of marked depression. I have never ^ 
before what the mechanism was. We have made many electrocardiograms and they 
never been distinctive; they show right axis deviation for the most part and many 
abnormalities which the cardiologist cannot interpret. 

Many of these children, and adults as well, are bothered by cough. Some S® 
the extent of severe bronchiectasis, and at least three in my experience have ha 
culosis as well. I think this is probably' due to the fact that the cough is ineffectua 
cause of the narrow diaphragm. I thought at one time it might be due to a kin ' m 
bronchus, but I think shortening of the diaphragm explains it better. ^ 

So far as the appliance goes for keeping the sternum up in place, the graft of a 
is a very' ingenious method. However, I think that the ladder as originally desen e 
Brown elev'en y'ears ago, if it curved somewhat, is the most satisfactory. The wires 
taken out completely, nothing is left in, and the sternum is nicely brought up. 
cases, especially if the patients are fairly young, that is, before the age of 5 years, 
is no deformity that can be seen later on. In the older patients there may e 
residual deformity which is proportional to the amount of irreversible deformity pr 
at the time of operation. 
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DR. A. LINCOLN BROWN, Snn Fronclwo.—Dr. Doraor'ji capo prcpontntion cer¬ 
tainly conflnnp the fnct that tlicrc arc cnrdioroaplmtory chanpcj* In every capo of fannel 
chest. I^nst year ^TO snjjpcstcd that wo wished to get infonnntion by cnrdioroBpiratory 
studies, os to when opomtlon mljjht Im advisnblo ncid what, If any, results other than 
struetuml won' obtained by operation. The first throe cases studied indicated in the 
first jdace that there was reversion of iinprovoniont; In other words, a certain amount of 
improvement Is noted after operation in the enrdiorespimtory luoehnnisni, but after about 
three weeks aj)proxlinutcly 50 per cent of that Improvement was lo.st. We tried to reason 
why. Wo believed it wns due to the fact that wo had made a fixation of the chest. That 
seemed to he the only thing that can hnppcn in throe weeks’ time. During the first throe 
weeks the chest Is unstable and n certain amount of Increased respimtnrj' motion is present 
but, nfter that, orgnnitallon and rcgenemlion lake place and fixotion ensues, uliorcby 
some of the improvement is lost, aince then, no fixation of any kind has been used ex¬ 
cept the one at the proximal end of the sternum to olexute it. In fnct, there has been in¬ 
tentional freeing of the rest of the thoracic cage to allow for Increased roaplmtorj’ motion 
to continue. Regenemtion, so far as cartilage goes, is prevented. In these casca the im¬ 
provement that took place, such as it was, has persisted. 

One of the simplest of nil tests to determine cardiorespimtorj* embarrassment is 
that of maximal breathing cnpacity. l^reopemllve studies show tho great majority of our 
adult patients with funnel chest to have n maximum breathing capacity of Jess than 50 
per cent of normal. Improvement in maxima! breathing capacity after operation, ap¬ 
proximately 35 |>or cent. In 11 cases, prcopemtivoly wo have found that 0 had definite 
symptoms; 8 of these cases showed variable abnormal electrocardiographic findings. Those 
do not take into account axis deviation, which Is pmctlcnlly to be expected ns normal in 
these individuals, But tho other abnormal changes oil terminated, if they went long 
enough, In cor pulraonnlo. Postoporutlvcly, wo hod 0 cnscs followed over tw’olve months 
with cardiorosplratorj* studios; 5 wore improved, 1 wns the same. Five showed an increase 
in mnilmura breathing capacity averaging 31 per cent, 1 was unclinnged, and in all tho 
electrocardiogram has remained cs.*cntlully unchanged. 

DR. DORNER (closing).—I feel very humble this afternoon, ilost of what I know 
concerning jjoctus excavntum has been lonmod from tho discussers of my paper. I should 
like to give Dr. Dnilcy credit: Last year I beard him report the use of a rib strut and it 
was l^ecause of this that I used a rib in our caso. I would like also to acknowledge the 
fact that ray co-authors were rofnionslblc for tho cllnlcnl work-up of our case ns described. 

I think Dr. Miscall should ho congratulated. The response of the audience to his 
remarks shows how much wc appreciate an honost report whether the case turns out well 
or ImkIIv. 

The only thing I can say about follow-up In our rase is that angiocardiograms and 
electrocardiograms taken very recently shoAV the continued improvement that wo noted 
on the earlier slides. 

In closing, I would like to thank the discussers for their roninrks. 



SURGICAL TREATMENT OP CORROSIVE STENOSES OP THE 
THORACIC PART OF THE ESOPHAGUS BY A SINGLE- 
STAGE PALLIATIVE ANASTOMOSIS 

Intracervical Retrovascuear Anastomosis Without Resection of the 

Esophagus 

Vladislav Rapant, M.D.,* and Jan Hromada, M.D.i 
Olomouc, Czechoslovakia 

I N THE treatment of corrosive sti-ictures of the esophagus Avhich fail to respond 
to dilatation, re-establishment of the continuity of the gastrointestinal tract 
can be accomplished by different methods. The reconstraction can be carried 
out ndthin the thorax or on the chest wall. In the antethoracic reconstruction 
the major part of the esophagus is left in situ, and the communication between 
the pharjmx, or the intact portion of the eermcal esophagus, and the remaining 
part of the gastrointestinal tract is made by means of cutaneous, intestinal, 
gastric, or mixed tube.^’ -• ■* Another method of antethoracic reconstruction for 

high lying, extensive, benign stenoses of the esophagus is done in two stages. At 
the firet stage a subtotal resection of the esophagus is done followed by establish¬ 
ment of a cervical esophagostomy and of a gastrostomy. At the second stage the 
stomach is transplanted into a subcutaneous, antethoracic tunnel and an anas¬ 
tomosis made between it and the superior segment of the esophagus. This prin¬ 
ciple w'as fir’s! employed by Rienhoff,* and later by Bigger® in a case of con¬ 
genital atresia of the esophagus when primary’' anastomosis was not feasible, 
and then by Taylor' for carcinoma of the esophagus. 

One disadvantage of all antethoracic procedures is the necessity for multiple 
stages which so greatly prolong the pei-iod of treatment. However, the chief 
disadvantage is that there is such uncertainty as to the results obtained. One of 
us (V. R.) performed successful antethoracic reconstructions in three patients 
by the method of Wullstein-Lexer rvith the period of treatment lasting an aver¬ 
age of nineteen months. Furthermore, in one of these it was necessarj’ to 
operate five years later because of stenosis at the site of the jejunodermal anas 
tomosis.® 


ADVANTAGES OF INTRATHORACIC RECONSTRUCTION OF DIGESTIVE TRACT 


In intrathoracic reconstruction of the digestive tract the result is obtain ^ 
in a single stage. According to the extent and location of the stricture one o 
two methods may be used. In the first, resection of the stenosed esophagus an 
end-to-end anastomosis is done.® In this procedure in order to prevent 
on the suture line, mobilization of the esophagus^®’ or of the cardia ° ^ 

stomach must be done.® In another group of cases it will be necessary to mo i^i^^ 
the stomach so that it may be partly, or completely, transplanted in 
thoracic cavity for anastomosis to the proximal segment of esopbapis a^^^ 
resection of the strietured part, or of it and part of the stomach. 


From the Department of Surgerj-, and from The Anatomical 
University. 
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mobilized sfomncli mny nlso be nnnsfomoscd (o the partly mobilized csopliaguH 
nliovc tbc site of stricture wit bout resection.’* As yet it has not been decided 
wbetbor it is better to resect the entire strictnied part of the esophagus, or to be 
content with a palliative anasToniosis and leave tbc esophagus in situ. 

DISADVANTAQIK OP RESECTION OP THE ESOPIIAOUS 

There arc a nunilier of disadvantages in resecting the involved esophagus. 
(1) First is the difUeultj’ in mobilizing the esophagus duo to the extensive 
fibrotic changes in tbc e.sophngus and around it. At times it is impossible to do 
a complete excision.”' (2) In stenoses involving the mid-imrtion and the upper 
third of the esophagus, the mobilization of this structuie and of the aortic arch 
is .sometimes followed by functional disoi-deis which may cause the death of the 
patient.”' ’* Oarlock blamed the .slimnlation of the vagus nerves. Nissen 
denied this” but mentioned the nppenmnee of asthmatic attacks in one of his 
patient.s. (3) The isolation of the asophagns in the region of the azygos vein 
may cause troublesome ble.ding from it. (4) Injurv- to the thoracic duct mny 
be caused and overlooked, and tbits lead to the death of tbc patient. (5) Radical 
resection of the esophagus entails resection of the vagits nerves and this causes 
atony and dilatation of the stomach which is Iwdly tolerated, especially if the 
anastomosis must lie placed high in the chest or in the neck. The dilatation of 
the stomach frequently leads to compiv.ssion of the lung irith sulisequcnt 
nteiectasis, d.vspncn, and coughing. Even though the eliief etiological factor 
in the pi'oduetiou of an esophageal peptic ulcer is removed by vagotomy such 
ulcers can still develop, as shoini by Allison,” who observed the formation of 
an csoiihagcnl peptic ulcer in a patient a .short time after vagotomy had boon 
done for a gastric ulcer, and in four other patients after resection of the enrdia 
for cancer. (G) Rc.section with anastomosis is always a lengthy procedure, 
particularly when a .subtotal re.section of the csojihagus is done. 

ADA’ANTAOPJ? OF RESECTION OP THE STRICTURED ESOPIIAOUS 

The main advantage of the radical procedure is that it eliminates the pos- 
•siblc formation of carcinoma on the basis of the previous corrosive damage to 
the esopbagiLS, as was reiiorted by Benedict.’” He reported sixteen cases of 
carcinoma developing on the basis of corrosive lesions of the esophagus inthout 
subsequent stenosis. However, this factor cannot always bo completely excluded 
as in some instances small pieces of bijurcd esophagus have to be left in situ. 
The second advantage of resection is the elimination of possible stagnation of 
food below the site of anastomosis. This danger ean lie minimized, however, by 
doing the anastomosis immediately nlmvc the highest point of the stricture. 
Another advantage of I'cscction is that it docs away ivith the po-ssibility of an 
abscess developing in the vicinity of the i-cmnnnt of the strietured esophagus 
that has been loft liebind. But this is of theoretical importance only, as the 
changes in tlic strietured lu'ca are mainly fibrotic in character. It may be 
thought tliut the end-to-sido anastomosis guarantees a better, and more perma- 
nent, patency than docs the sidc-to-sidc anastomosis, but wo feel that this is 
not true when tlio procedure is carried out properly, and it has not been true 
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in our own experience. A definite answer to this particular point is not yet 
available. Finally, it is true that the end-to-side anastomosis is technically 
easier to perform than the side-to-side type.^^ 

The feasibility of palliative side-to-side anastomosis in cases of stenosis of 
the middle and lower thirds of the esophagus is admitted by all. When, how¬ 
ever, the stricture involves the upper esophagus the problem is far more compli¬ 
cated. Sweet^- is of the opinion that a high anastomosis is not feasible wthoat 
transection of the esophagus. IVe share this \new in cases where the anastomosis 
is done by placing the stomach in front of the subclavian vessels.^” If, however, 
contrary^ to Sweet’s technique, the stomach is placed behind the vessels, the mere 
mobilization of the esophagus to the level of the aortic arch suffices for fimwing 
the stomach into the neck and anastomosing it without tension. Because of 
these considerations, and as a result of our early success in the palliative side- 
to-side anastomosis for nonresectable eai’cinoma of the esophagus and cardia, 
we have decided to treat all our patients wnth corrosive strictures of the esopha¬ 
gus by this method. 

In Table I is summarized our experience vdth seventy-two transthoracic 
operations for benign and malignant diseases of the esophagus, cardia, and 
stomach, during a period of somewhat less than three years. The marked 
difference in results from radical resection and from palliative anastomoses is 
apparent. Total gastrectomies were perfonned in twenty^'-four patients, twenty- 
three with carcinoma and one with a peptic ulcer. Four (16 per cent) of these 


Table I. liiuEDiAXE Eesults of Transthoracic Operations, Baiucal and Palliwive, 
FOR Malignant and Benign Diseases op the Esophagus, Cardu, and Stomach 



i 

1 deaths 

OPERATION 

NUMBER 

1 number I per cent 


Total Gastrectomy 

1. Eor peptic ulcer 

2. For carcinoma of the stomach 

a. Simple: removal of both omenta 

and spleen 

b. Combined: with resection of colon, 

pancreas, or liver 

Total 

Itesection of Cardia and Esophagus 

3. For peptic ulcer of the cardia 

4. For carcinoma of the cardia or lower 

fourth of the esophagus 

5. For carcinoma of the middle part of 

the esophagus 
Total 

Palliative Anastomosis 

6. For carcinoma of the cardia and 

lower fourth of the esophagus 

7. For carcinoma of the middle part of 

the esophagus 

8. For benign stricture in the lower 

fourth of the esophagus 

9. For benign stricture of the middle 

half of the esophagus 

10. For stricture of the entire intra- 
thoracic esophagus 

~ Total 
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patients died. AVlien re.scction of eolon or paiierens was added to total gnstrec- 
toniy tlie moilnlity I'osc to 40 ])er cent a.s four of the ten patients died. The eom- 
hined imniediato mortality for nil total pastrcetoinies was 23.5 per cent. Eescc- 
tion.s were done in twenty-four patients for enreinonin of the cardin, and car- 
einonia of the esophagus. Seven of these died (29 per cent). Thus, of fifty-eight 
pntieut.s who woro .subjected to radical Iramsthoraeic rescctioii.s for lesion.s of the 
stomach and the esophagus, fifteen dieel (2(5 per cent). Fourteen patients were 
treated hj’ palliative tmnsthoraeie c.sophagogastrastomy, and only one died (7.1 
per cent). These were done for nonre.scctahlc malignant stenoses of the cardin 
and thomeic esophagus, or for iK'iiign strictures of the thonieie csoplingn.s. 

Following these operations the patients arc kept in the hospital for at least 
three weeks, as many of the common complications do not occur until after ten 
days. Sometimes at the heginning of the third week signs of leakage from the 
site of anastomosis appear, due to perforation of stitch nl)sccsses, and later there 
develops mediastinitis and empyema. In Table I are included all deaths oc¬ 
curring in connection Avith the operations. The only death which occurred 
among the cases in which palliative nnn.stomosis was done was in a man Avho had 
a stenosing carcinoma of the cardin iin'olving the esophagius with metastascs to 
the liver and peritoneum. It is felt that in this patient too much surgery was 
done.'* Ilowevor, we feel strongly that where radical resection can ho done 
for carcinoma it should ho done, oven thougli the mortality rate is higher than 
for palliativo nnastomasls. In this opinion tre diffci' from d^yinines and 
Dnb^.” 

I. ESOPIlAaOOASTnoSTOSIY WmiOl'T RIKItCTIO.X KOn CORROStVE STRICTURES 
OR THE Jirn-RORTIOX OR THE ESOrilAOUR 

Two patients Avith stenosis of the mid-portion of their esophagus resulting 
from the ingc-stion of lye Avero ti-cotcd by esophagogastrostomy AAdthout resection 
of the esophagus. In both the stomach aa-os mobilised through an abdominal 
approach, the right crus of the dinphm 5 nn divided, and then through a right 
thoracic approach a sidc-to-side nnastamosis aa-os iKU-formcd. 

Case 1 .—The first patient ^m8 a 30-yeftr-old woman who had awallowcd sonio lye, h.v 
mlatahe, ten jTars before being eociu Bccodpo of Increasing djlTleaUy in swallowing she had 
Imd a gastrostomy done nine years previously. Roontgon-my examination revealed a stenosis 
starting somewhat alwvo the level of the bifurcation of the tmclicn, nnd continuing down 
to the cardia. The stomach appeared to l>o normal On April 28, IfHO, operation was done 
JiDder endotracheal, etlier-oxygen nnesthesin, supplemented by carnro. Tliroagh a supra- 
^bnical incision witli resection of the xj^phoid process, the gastrostomy was first closed and 
then, the stomach and lower 4 cm. of the eaophngua were mobilised. The riglit eras of the 
diaphragm ivas divided obliquely, nnd tho abdominal wall was then closed. The patient was 
then turned on tho left side and tlie rigiit pleural cavity entered throngh the bod of the sixth 
rib, which had been subperiostenlly resected- A small paravertebral segment of the fifth 
rih was also resected. Tho phrenic nerve was not crasliofl Tho nsygoa vein was divided nnd 
then the esophagus above tho site of tho stenosis wna freed of overlying tissue but not 
mohUlzed. After division of tho inferior pulmonary ligament, and of tho mediastinal pleura, 
the lower 8 cm. of tlio esophagus was mobilited. Tlie posterior wall of the mobilised stomneh 

them anastomowKl to the anterior wall of tlio esophagus above the stenejsis, and the 
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stomach anchored to the pleura and diaphragm. A rubber tube drain was placed into the 
pleural cavity through the ninth intercostal space, and the cheat wall closed in layers. 
Recovery was prompt. Enentgen-ray e.vamination on the fourteenth day after operation 
(Fig. 2) showed a well-functioning anastomosis at the level of the bifurcation of the 
trachea. There was evidence of slight hastening of the emptjdng of the Btomaclu On Map 
18 she was discharged as cured, being able to swallow solid food without trouble, Bv June 
27 she had gained two kilograms in weight and had remained well. 



Fig". 1 (Case 1). Preoperative roentgenogram of stenosis of the middle half of the esophasa 

Case 2. The second patient was a 26-year-old woman who had swallowed lye, bj 
take, thirteen years before admission to the hospital. Difficulty in swallowing had bccom 
so severe in a few weeks that dilatations of the esophagus had been started. Tlicso dilatetio^ 
were continued at intervals, but during the last six months she had only been able to swa ^ 
semisolid food. .She had lost ten kilograms in weight. Eoentgen-ray examination 
the stenosis to be nlmve the level of the bifurcation of the trachea with dilatation of 
esophagus above it. On May 25, 1949, she was operated upon in a manner exactly am » 
to that used in the first case. Both the vagi and the phrenic nerve were preseiw^ 
Recovery was uneventful and she was discharged on the seventeenth day swallowing so 
food without difficulty. Eoentgen-ray examination revealed patency of tlic anastomosis 
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DISCUSSION 

As in cnrcinonin of llic csoiilminis, so, w-it!i coriDsive stenosis of tlic csoplm- 
gns, the oiiomtive technicinc will vary Avilh the location and extent of the 
stenosis. This is ns true of the radical lu-occtliu-es ns of the palliative anasto¬ 
mosis. For stenosis of the lower fourth of the e.soplmttns there is no tpicstion 
alsnit the ndvisahilily of the npiironeh throuirh the loft ehc.st. There is some 
(|UCstion, however, ns to whether it is hotter to iwe the stoinneh, or a jejunal 
loop as iirepnred hy lionx and .siiftttestcd hy Allison.'* The snggcsteil advnutngo 
of using a structure neai'or to the size of the e.sophngits for anastomosis to it, 
and the jmssihlc elimination of r.soiihageal peptic ulcers hy using the jejunal 
loop, arc hnlanecd or outweighetl hy the greater ojiemtivo risk and the elimi¬ 
nation of the stomach from the direct intestinal ehannel. 



2 (Cn#e 1),—PortopomU^-o roentfrenogram of Intmthomclc onaitomoola tlirough right 
thomcotoniy tnVen fourteen 0«ya poetoperatlvcly. 

In stenoses of the middle third of tlio esophagus there will he difference 
of opinion ns to choice of approach. This tvill ho particularly true when the 
stenosis starts immediately below the arch of the aorta, or bcliind and above it. 
When the anastomosis can bo done below the arch of the aorta a loft thoracic 
oppronch is to be preferred as it eliminates the need for a preliminarj’ mobiliza¬ 
tion of the stomach thixiugh the abdomen. For anastomoses above the arch of 
the aorta we believe that transabdominal mobilization of the stomach according 
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to the technique of ]\Iacmanus, followed by a right thoracotomy mil he better.” 
This has been our experience with palliative anastomosis in inoperable cases 
of carcinoma located behind and above the arch of the aorta. The right-sided 
approach allows easier access to the esophagus, avoids injury to the thoraeie duct, 
and the damage to the diaphragm is minimized. In our opinion these advantages 
outweigh the disadvantage of the preliminary laparotomy. 


H. INTRACER^UCAL ESOPHAGOGASTROSTOMY 

The indications for intracervieal esophagogastrostomy are as follows: (1) 
Malignant gi’owThs in the upper fourth of tlie esophagus wdiere intrathoraeic. 
anastomosis is not feasible because of the high location of the tumor, or where 
the neoplasm is located too low for the restoration of the alimentary canal by 
the method of "Wookey. (2) In those congenital atresias of the esophagus where, 
after elo.sure of the tracheoesophageal fistula, reconstruction of the continuity 
of the esophagus uull be impossible and a gaslrostomy and esophagostomy MU 
ho needed.^® It is Irighl.y probable that the antethoracic implantation of the 
stomach into a subcutaneous tunnel as described by Rienhoff® will be safer. 
(3) Benign stenoses of the esophagus of cicatricial origin wdrich affect practically 
all of the organ. 

The first intracerWcal esophagogastrostomy, of which we know, was per- 
foi-med by Sweet in June, 1947. The patient was a 21-month-old child with 
a tracheoesophageal fistula which was closed at the fii’st-stage operation, and at 
the second stage the anastomosis was completed. Oh Oct. 28, 1947, one of ns 
(V. R.) had the honor of being pi’esent at an operation for carcinoma of the 
upper esophagus when Sweet performed a subtotal resection of the esophagus an 
a subsequent intracervieal esophagogastrostomy. Tlie patient made a prompt 
recoverjL Soon afterward Oarlock^® published his technique for intraeenica 
anastomosis after subtotal resection of the esophagus for carcinoma high above 
the aortic arch. His patient died on the second day after operation, pinbab} 
as a result of profound functional changes due to stimulation of the vagus 
nerv’es. Subtotal resection of the esophagus is common to both methods, t 
principal difference being that in performing the anastomosis Garlock biino- 
the stomach np beliind the aortic arcli and its branches whereas Sweet brin^ 
stomach up in front of them. In lioth methods the vagi will be , 

Moreover, in Sweet’s method there will be an additional stimulation of 
periadvmntitious nervous plexuses, and perhaps even a stimulation o ^ 
carotid sinus. The tachycardia following change of position in Sweet’s pa ^ 
during the first four days after operation was ascribed to increased actm } 
the carotid sinus. ^ 

When considering the methods of single-stage operations vvdiich would be ^ 
the gi-eatest advantage to our tw'o patients with corrosive stenosis of the en 
esophagus our aims w^ere threefold. First, we washed to abandon the tec 
difficult and physiologically severe mobilization of the strictured 
subsequent subtotal resection. Then we wished to transpose the mobilize 
of the stomach behind the great vessels in the chest and in the neck. 
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lirodneing ns physiologic a course lor the new csophngus as possible. Finally we 
unshed to reduce, ns iiuicli ns ixissible, the disturbances enuseel b.v neurovegetntive 
stimulation. It was necessary, tlicrcforc, by .studies on cadavers, to decide which 
anatomic structures arc encountered duruig the performance ot rctrovascular 
tran.sposition of the stomach. 



, ^ 1.—Tllimtmting the neurovascular cervical trunk and Uio mediastinal orffans on the 

i®n side. 

, 1, Superior thjToId vessel; 2, ansa h>*poClosBl; d, common carotid artery: 4, Internal 

ar vein; S, esophaeuB; tf, recurrent ncr\'e; i, phrenic nerve: 8, vagus ner\’o aith right 
cardlao; 9, bra^lal plexus* 10, clavlclo; 11, trachea; 12, Innominate vein; IS, thoracic duct; 
^4. esophagus; n, stellate ganglion; JO, aortic arch; J7, sympathetic cardiac nerve; J8, 
^rreni nerve; ;» truncus sviiipuiicua: dv. csoiilrnKUs wIUi lert NTigus ner\’o; 21, majjr splanch- 
*c nerve; tt, pericaidlal sac. 
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ANATOMIC REMARKS 

The structures which will be encountered during the preparation of the 
retrovaseular tunnel in addition to the esophagus itself are: the thoracic duct, 
the stellate ganglion and its branches, the longitudinal septum, and the cover of 
the pleural dome (Fig. 3). 





Fig-. 4.—Showing the operative site on the 

from the fibrous sheath. i t a Kopnding hypoE'°f^‘ 

1, Superior laryngeal nerve; 2, superior thyroid vessel: 3, - thyroid 

ner\-e; cervical plexus; 8, common carotid arterj'; 6. vagus ^ thvrold 

medial sympathetic ganglion; 9. Intermediae left sangllon; fO. mi Internal h'guH’’ . jj 
vertebral vessel; 72, longitudinal septum; 13, cupula of the brachial P'®^,;Tcnt 

75, esophagus; 76, recurrent nen’e; 77, trachea: 78, thoracic duct 7ii recuiw 

subclavian artery; 27, subclavian vein; 22, Innominate vein. -3, pn 
nerve; 85, clavicle. 

... x,.. vfiin and the 


neck. Neurovascular cervical trunk 


reniovwl 


The thoracic duct inns first in the chest between the azygos t ei 
aorta. At the level of the fifth thoracic vertebra, corresponding o 
the bifurcation of the trachea, it crosses to the left side throng i are^ 
behind the esophagus, and runs up posterior to the ai’ch of tie ao 


companies 


aiiu iiiiis •'V/ — . 

the left subcla^^an through the thoracic inlet into t le ne 
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neck the thorneic duct appears in the fissure hetwcen the common carotid and 
subcInA-ian arteries, forming an arch with its convexity upward, and crosses 
in front of tlic subclavian artery, vertebral arterv- and vein, and the tliyro- 
cciwical trunk or its brandies, and empties into tlic vascular system ut tlie angle 
of junction between the subclavian and intcnial jugular veins. Tn establishing 
the rctroplcural and retrovascular tunnel for the upward passage of the fundus 
of the stomacb the tliomeie duet and the entire neurovascular trunk are shifted 
together (Figs. 4 and 6). 



_ _. riff. 5. — Showing the operative elte on tlie neck. Neurovnecuhtr cervical trunk la cav~ 

®r^ fnjm the metllnl Bide partially by the Obrous aheath. Arrovr domonatratea the direction 
‘iiMl the course of the retro^■a«rula^ tunnel. 

i, Rlcht de*ccndlnp li>-poclo*anl ner\'o: t, ouporior lar>*ngeal nen-a; S, fuporlor thyroid 
vet«l: j., corvtr^l nlcxu^; 5 . oraChlal plexus; 0. cnrotld artor>'; 7, Interns! Jugular vein; 
o* thyroid gland; B, right Inferior artery of the thj'rold gland; 19, longitudinal septum: 
^/. recurrent nerve; it, trachea; IS, esophagus; H, innominate vein; iS, aorfto arch; 18, right 
cardiac \-agus ner\'e; /7. XTigus nen’e; IS. phrenic nor\*o: IB, subclavian artery; tO, superficial 
cervlcaj vessel; tl, subclavian N'cln; ti, clavicle; tS, first rib; ti. Internal thoracic artery. 

The stellate ganglion and the entire sjTnpatbotic trunk are not in immediate 
wintact with the region of the retrovascular txuuicl. Nor does the stomach, when 
Mastomosed to the esopliagus, come into direct contact with the ganglion and 
sympathetic trunk. The only structures that come into close proximity to the 
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operative site are the visceral branches of the stellate ganglion to the cupula 
of the pleura, the esophagus and trachea, and the inferior cardiac nen'c. The 
inferior cardiac nerve first runs along the posterior aspect of the common carotid 
artery, then behind the arch of the aorta and on to join the cardiac plexus. As 
it is common for vegetative nerves to have anomalous courses, then- fibers may be 
damaged by the pressure of the transposed stomach on the posterior aspect ot 
the chest. Bruising these fibers might explain the tachycardia which was noted 
during the first days after operation, if this tachycardia were not simply due to 
the long and severe operative procedure. 



Fig. 6.—Section through the neck In the level of the anastomosis. ner^'e: t. 

1, Left subclavian vein; 2. phrenic nerve: 3, right descending ^Jhclavlan ar- 

common carotid arterj-; 5, brachial plexus; 6, Internal jugular vein: 7, leii. = anas- 

terj': 8, vagus nerve; 9, thoracic duct; 10, longitudinal septum; 11, ,, fmncus sjmpa- 

tomosls between esophagus and fundus ventrlculi; IS, cupula of Oie pleura, 
thlcus; 15, first thoracic vertebra. 


The longitudinal septum (Pigs. 5 and 6) is part of the connective i 
investment of the ceridcal neurovascular trunk. It is also most distmc 
veloped within the chest. In the neck it is formed by the pulsatory e 
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the enrolid iirterA' on the surniiindiiiK. oritiiiiidly .striteliireless, comieetive tissue. 
The dorsal part of the seimim whieh extends from the IIIitoils slienth to the 
pno’crtelirol fnsein, mid the ventral part whieh is diivcted towards the middle 
eervical faseia, an* eonsideralily atteiitiiated and may he altnjrether alisent, 
partienlarly in tlie anterior iHirlion. The middle part of the .septum, wliieli is 
tile tliiekest, is ideis'isl liy hranehes of the inferior tliyniid ailery wliieh iiass 
to tile tliyroid trland nr to tlie e.sophatriis. The lonfritudinal se|)tum e.xtends 
inferiorly in tlie ehest to liefsmie eontiniious with the siispensoiy lijrament of 
the diiiphrapm. fjike all een-ieal faseia, the longitudinal .septum shows indi- 
\'idual Aariations as far as its dcvelo|aaent and eondensation arc eoneernisl, hut 
it is well developed in the is'diim of the neiirova.senlar trunk and .serves as a Roml 
pniteetion npainst injuries diirinj; the |)reparation of the retrovaseuhir tiiniiel 

(Fit;. 0). 

The cupula of the pleura miehes |Mistori«rl.v to the neck of the first rih 
(Fip. 4). It is coveH'd hy a la.ver of eonneetive tissue lielonitint; to the endo- 
tliomeie faseia, and is hridinsi hy the suprapleural fascia of .Siltson. 

Ol'linATIVK TKClINIpfn 

1. First slrji of ih( Opcnilioii: Thorarir pruredtirc .—With the ))atient l,vini; 
on the ritrht side, left thomeotoiuy throiiuh the hed of the previously reseetetl 
eighth rih is done. After resishion of the intereoslal nerve, the corresponding 
vessels arc traiisHxod al Isith ends of the ineision. After allowing tho lung to 
eollaiwc, JO e,e. of 1 i>er cent proeaine without e])inej)hrine are injiK'ted into the 
iicrieiirdial sue. The same .solution is iiscel for infiltnition of the thoraeie aym)m- 
thetic chain, tho .splaiiehnies, and tJie mediastinum. The inferior imlmonarA’ 
ligament is divideil and the hleeding iKiinls «introlled In- electrocoagulation. 
Tho mediastium is entcird and the leaves of the pleiii-a are reflected to allow 
\i.sualization of the esophiigiis. Uy lilunt, and, where ne<'ea.sar.v, sharp dissection 
the lower pait of the e.sophagus is then delivei-cd from the nusliastiinim. 

After eru.shing the phrenic neiwe for a distance of 2 mm. the diaiihragm 
and esophageal hiatus are divided hetwmi tninsfixioii sutures, after which 
clips arc applied. This pi-oecdun.* facilitates the closure of the dia|)hiagm after 
the termination of the thoracic stage of tho o|ieration. Hefore mohilizing the 
stomach the patency of the [lylorus is detennined. The stomach is then mobilized 
in the usual manner, tireserving the right gastric and gastroepiploic arteries 
and leaving tlie spleen in situ. 

Alter the stomach and eardia mo fiocd the esoiihagms is mohilized to the 
level of the aortic arch. All bleeding is enrefull.v contiollcd and injur.v to the 
vagus non-cs is avoided. In our first case both vagi were severed ns it was 
feared that intraecndcal transposition of the stomach coidd not bo othenvisc 
nccompIishe<]. In tho second ca.so onl.v the anterior branch of the vagus could 
lie identified but it was pio.scrvcd. Through the wall of the fundus of the 
mohilized stomach arc passed two guide miturcs of silk, and then b.v means of 
a Keverdin needle they arc brought out through the second interspace in the 
midclaviciilar line. 
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The next step is fixation of the stomach to the posterior chest wall -nitli 
interrupted sutures. This is done by starting at the prepyloric part and pro¬ 
ceeding upward to the fimdus, anchoring the stomach along its greater curvature 
to the parietal pleura and along its lesser curvature to the mediastinal pleura. 
Fixation of the diaphragm to the gastric waU and closure of the diaphragm then 
foUow. Before closing the thoracotomy wound a drain is placed in through the 
ninth intercostal space in the postei'ior axillaiy line. 

2. The Second Step of the Operation: Intracervical Aiic[sto?)iosij!.—The 
patient is placed on his hack and about fifteen or twentj" minutes are allowed 
for stabilization of the patient’s pulse and blood pressure. 



Incision: The incision is made along the inner border of the steiuornas o 
muscle from the thj-roid cartilage to the clavicle, the lower end of the 
being about 1 cm. lateral to the sternoclavicular joint. The incision is 
downward to the second intercostal space. Immediately above the iippei or 
of the thii’d rib the incision is cuiwed slightly laterally to the point at v 
the guide sutures from the stomach emerge (Fig. 7). 

Temporary resection of the clavicle and resection of segments of the 
two ribs. After preparation of the lateral musculocutaneous flap the ® 
is denuded and muscular insertions stripped. After dividing the sterna P 
of the stemomastoid muscle the clavicle is divided extraperiosteaUy with a 
saw at a point about 5 to 6 cm. from the sternoclavicular joint. In hot o 
cases we then dislocated the claricle at the joint but we believe that it nor 
better to diride the clavicle outside the joint so as not to distuib i ■ 
pectoralis major muscle is next divided along the coiu’se of its Abel’S, an 
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part of tlie sternomastoid muscle is sutured and the ])ectoralis major nnisele 
reunited. The closure of the wound is comjilcted without drainage. The lung is 
then re-e.\pandod after the injection of 25,000 units of i)enicillin and 0.5 Gm. 
of streptomycin into the pleural cavity and the tube drain into the cavity closed. 
The final step is the ])erformance of a paravertebral block. 



Fig. S (Case 3).—rreolieraUvc roentpcnogrnni of high stenosis of the csophsKH 


Fostopercttive treatment .—This does not differ 


from the po.stoperativc 

treatment after resection, or palliative ana.stomosis, for carcinoma of 
gus or cardia. Twelve houi-s after operation the patient is started on c eai 
30 c.c. every two honi-s. The quantity of fluid is gradually increased so 
the patient is taking liquids freely on the fourth day. After the sixth 
given semisolid food which is always followed by tea. At the end of a or c 
the patient is on fuU diet. 


IIAI'ANT ANU IinOMADA : SIN'OLE-STAOK I-AEUATnU ANASTOJIOSIS -JGf) 

Tlio fluid in tlie tliomx is e\-nciinlcd cvciy twenty-four hours. As soon n.s 
the fluid sto])s forming nnd the lung Ims rc-cxpnnded the drain is removed. In 
the first case this was done on tlie second diiy, nnd in the other case it was done 
on tlio third day. After aspiration of tiic pleural fluid there is always injected 
into the thorax 2.'),000 units of penicillin and O.fi Gm. of streptomycin. 

Pain is relieved by pantvertehi-nl block. Recently we have obtained good 
results with a drip infusion of a 0.2 j)cr cent solution of procaine in 5 per cent 
dextrose ns descrilmd by Brittain.-' 



rtff. » (Ca»« 3).—rontopcmtlvo rcentscnpcvoin of Inlniccn'lcol rotrovoaculttr oniulomosl* 
taken iwenty-ono dnyi poBtopemtlvely. 

Complications. —The only complication which occurred in our cases was a 
considerable dilatation and atony of the stomach which occurred in the first 
patient who had had Iwth vagi severed. Dyspnea was caused and the patient was 
greatly troubled for a fortnight. Relief was obtained from repeated aspiration 
of the gastric contents. In both imtients tacliycardia was observcfl during the 
first postoperative days, disappearing on the third and fourth days, respectively. 
This sjTnptom was ascrilicd to the severity of the operation rather than to 
stimulation of the cai-diac nen'cs. No circulator^’ changes in the left upper 
extremity wore noted. There were no pulmonarj- complications and the wounds 
healed by primarj- intention. , 

REPORT OF CASES OF INTRACERnCAL O-VSTROESOPHAGOSTOMY 
Oaee 3 (J. S.).—Thia patient iras n ti.t-yoiir-oltl woman who drank lye, by mtatake, 
la 1937. After about two montlifl tier diflirulty In flwalltnving required esophageal bouginage, 
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which she was later able to do to herself. One such performance, in 3947, was followed bv 
a febrile reaction, accompanied by chest pains. After subsidence of the symptoms further 
decrease in the esophageal patency occurred so that, from that time, she only could swallow 
liquids although bouginage was repeated at regular intervals. On roentgen-ray examination 
it was seen that she had a constriction of esophagus starting at the sternoclavicular joint 
(Pig. 8). 



Fig. 10 (Case 4). —Pi’eoperative roentgenogram of high stenosis of the esophagu 


On Nov. 2, 1948, she was operated upon under endotracheal ether-oxygen^^^ jjethod 
with curare. Intracervical esophagogastrostomy was carried out according ^ portion, 
just described. As the esophagus showed fibrous changes, especially in the nii 
it was feared that it could not be mobilized suflSciently to allow the stomach to 
up into the neck unless, the vagi were severed. The nerves were easily found o 
third of the esophagus and were divided. The postoperative course was 
gastric atony and dilatation as noted previously. By November 27, she was 
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diwinrpcd in pood condition. Follow-up cxntnlnntlon on Aop. 7, 1040, showed Hint she Imd 
no dllBcultj in swnllowinp nnd Imd pained seven kllopmnifl in weight. She wns troubled 
with metoorism, and diarrhea nltcmnllnp with consUpntiem, The roentgen mj*8 showed that 
(ho anastomosis was functioning well but that tho atony and dilatation of tho stomach had 
condnnod (Fig. 0). 

Case 4.—Q. K. was a 24*year-old man who ingested lye by mistake sbt months prior to 
the writing of this paper. jVftcr subsidence of tho first symptoms ho began to have difQcultios 
In swnllowing which mpidly grow worse In spite of regular bouginage. Ho was onlv able 
to swallow scraisolid food and lost thirteen kilograms in weight. He refused any further 
attempts at dilatation nnd rcrpicsted operation. Roentgen ra>Ti showed ovidonco of stenosis 
apparently involving most of the thoracic esophagus (Flp. 10). On April 24^ 1040, ho wn^ 
operated upon under Intratraclioal, ether-oxygen anesthesia, according to the method described 
previously. The anterior vagal trunk was presorvcil. Postoperative course was ^rithout 
<*omplicatlon8 and ho was discharged on May 21, 1940, swallowing well. Roentgen raj-s 
showed the onastomosis to Iw functioning properly (Fig. 11). 



11 iCute 4).—Postopomtivc roentFenopmm of lntmci;r\lcal retrovoacular onostomoiU 
token fifteen da>n postoporatlvelr. 

SUM MARY 

In corrosive stenoses of the tlioracic esophagus patency can frequently be 
effected by surgical means. One may do an antcthoracic plastic reconstruction, 
or an intratJiomcie or intmccrvicnl anastomosis. 

The anfothoracic procedure has tho disadvantages of tho need for multiplo 
stages to achieve the desired end I'csutl, nnd tho uncertainty of tlie result being 
satisfactory. On the other hand tho use of an intratlioracic, or intracorvicnl, 
anastomosis makes possible the achievement of the desired rcsidt in one stage. 

As in carcinoma of tho csopliagus, extent nnd location of tho corrosive 
stnetnro must bo considered separately. As far as the extent is concerned, it 
will only rarely be possible to resect tho stenosed area and do an end-to-end 
anastomosis of tho esophageal segments. In tlio great majority of cases tho 
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re-estab]ishment of the continuity of the digestive tract can only be accomplislied 
by an anastomosis between the intact portion of the esophagus above the stric¬ 
ture and the stomach, which has been transplanted into the chest, or into the 
neck. 

An esophagogastric anastomosis can be'performed after a resection of the 
stenosed part of the esophagus and cardia, or without resection. The respective 
advantages and disadvantages of both methods are discussed. 

As regards the location of the stricture the foUoving approaches are con¬ 
sidered from the technical point of view: (1) In stenoses of the lower fourth of 
the esophagus left thoracotomy is used. (2) In stenoses of the middle half 
either a left thoracotomy, particularly in strictures extending behind and above 
the arch of the aorta, or a right thoracotomy. (3) In stenoses of the upper 
fourth of the esophagus reconstruction of continuity is possible by high intra- 
cerncal anastomosis after subtotal resection of the esophagus by the method 
of Sweet or of Garloek. 

In two patients with stricture involving the middle half of the esophagus, 
palliative operation -without resection of the esophagus was performed through 
a right thoracotomy approach after mobilization of the stomach through the 
abdomen. 

In two other patients Avith stenosis of the entire thoracic esophagus; intra- 
cerrtcal esophagogastrostomy Avithout resection of the esophagus Avas performed 
by the retroA'aseular, intracervical route. This ncAV operative method is described 
from the anatomical standpoint as avcII as from technical point of vicAV. 

Very good results Avere obtained in all four patients. ' 
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AN ABTIPICIAL INTIJIA FOR PERFUSION APPARATUSES 

Viking Olov Bjork, M.D. 

Stockholim, Sweden 

I N SUCH a perfusion apparatus as the artificial heart the cii-culating blood 
is passing a number of glass and mbber tubes. The inside of these tabes 
is not as smooth as the intima of arteries or veins. 

The perfusion of blood for some horn’s Avill therefore cause: (1) slight 
hemolysis, (2) some fibrin formation, and (3) tendency of foaming. 

It has been shown that the fibrin formation and foaming can be avoided 
by using heavy doses of heparin. As much as 250 mg. of hepai’in per 1,000 
ml. blood is needed for a three houre' pei'fusion. In intrathoracic operations, 
however, especially when a sternum splitting approach is used, this heaiy 
heparin dose has been difficult to neutralize by protamine, resulting in a con¬ 
siderable risk of postoperative hemorrhage. 

It has, therefore, been found of great value to produce an artificial intima 
for the circulating blood mainly to delay the clotting of blood. A smaller 
dose of heparin can then be used and at the end of the perfusion the surplus 
of heparin can more safely be neutralized by adding protamine to the blood. 

In order to produce an artificial intima four different methods have been 
tried before the coating with Siloxan UHB 300 was chosen. 

1. The water-repellent effect of paraffin wax was fii'st tried to delay the 
clotting of blood in transfusion apparatuses. In the pump of the perfusion 
apparatus, however, where the rubber tubes are rhythmically constricted by 
compressed air, the paraffin was found to eome off from the walls giving rise 
to embolism. Even though the blood was filtered before entering the arte^ 
of the perfused animal, the risk of embolism made it impossible to use t e 
paraffin wax. 

2. Poljwinylehloride has also been used for the coating of tubes, but 
when two surfaces coated Avith polyvmiylehloride come into contact with eac 
other, parts of the membrane tend to eome off giving rise to embolism, 
membrane of polyAunylchloride is not more adherent to the wall of the tu)es 
than if a rfft is produced, the blood may dissect away the membrane wi ^ 
the danger of embolism. For that reason the polyvinylchloride cannot e use 
as an artificial intima in the preAdousIy mentioned perfusion appaiafi«. 

3. Recently certain plasties, the silicones, haim been developed am 
to possess Avater-repellent properties. Through the reaction of methy c 
silane Avith the hydroxyl groups of adsorbed Avater on a surface, a aci.' 
film of methylpolysiloxane is produced, resulting in a vei’y Ioav 
Thus, a veiy high contact angle of that surface to liquid Avater is o; 
Water leaA’es the surface di’y and stands in small droplets Avitli a hig uu 
angle. ^ 

From the Surgtcal Clinic of Sabbatsberg Hospital (Surgeon-ln-Cliief. P 
Crafoord). 

Received for publication Feb. 6, 1960. 
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Tlie SBinc renotion is found to occur ivith cotton, u-ood, u-ool, silk, glnss, 
rubber, and uinny other mntcrinls. Due to the Iminidity of tlie surrounding 
dir, n film of wnter up to 100 molecules thick is found on the surface of glass 
which has stood at ordinary room conditions. The methylchlorosilanes ap¬ 
pear to react udth tins strongly bound water film to liberate hydrogen cMo- 
ride and attach methyl-bearing silicon atonus to the surface, thereby render- 
big the surface wnter repellent. The important point is that the silicon atoms 
niipcnr to be chemically bound to the sub.slrnte, probably througb o.X3'gen. 
Once attached, the water-repellent film becomes a part of the object or the 
sulffltnnec so treated and remains elTectivc until abraded off (Rochow, 1947). 

The orgnnosilieon ])olymeric subslnnccs have a high thermal stability and 
insidnting jiropcrtics and arc widely iLscd in electric industr}’ to produce a 
permanent water-repellent film maintaining a high surface re.sistnnce even 
when water has eondensod on the surface. In 1940, -Jaques and co-workers 
describerl the valuable properties in deln.ving the clotting of blood by one of 
these silicon compounds, General RIcctric Dri-Pilm No. 9987 (mcth.vl-chloro- 
silnne). The important point in the method of preparation was, however, to 
neutralise the liberated hj’droehlorie arid before tbc blood came in contact 
with the surface. The method described b}' .Impics and associates was, there¬ 
fore, ver,v time consuming and |)crformed ns follows: 

All glassware and rubber ttd)es were carefully cleaned and dried be¬ 
fore use. 

1. Then mcth.vl-chloro-silane (General Electric Dri-Pilm No. 9987) was 
applied in li(iuid form b.v iiouring it into or through the glassware and nth- 
ber tubes used. The metbyl-cbloro-silanc need only to come in contact with 
the object for a few seconds and the e.xcess was poured off. 

2. The object was then rinsed thoroughh- with distilled wnter. The sili¬ 
con is formed bj- hj-drolysis and fixed to the material. 

(cn,),.si Cl -f n,o = (cn,),si oir-f Jici 

3. The hj'droehloric acid liberated was removed by rinsing with very 
dilute ammonia water. 

ND40IT + nCI = NET.CI + JT.O 

4. Then followed a copious washing with distilled water, and the articles 
were dried in hot air. This procedure gave a film much henAuer than an uni- 
nioleculnr film. A fre.sh n])plicntion of the .silicon was made each time the 
glassware, etc., were used. The surface was improved ivith the second and 
third coatings. Por aseptic use, the ])repnred objects were placed in boiling 
distilled wnter for two minutes. 

We have used General Electric Dri-Pilm No. 9987 for preparation of a 
perfusion ni)pamtus in brain perfusions in dogs. An effective water-repellent 
surface was obtained in the tubes. It was then possible to decrease the heparin 
doses to about 100 mg. hepniin per 1,000 ml. blood, without clotting, fibrin 
formation, or foaming. One and one-half hours’ brain perfusion did not cause 
spy change of the hlood duo to the silicon. Nor was any change in the blood 
chlorides found, indicating that the washing had been carefully performed. 
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The mbhev tubes which had been rhythmically constricted for three hours 
still had the same water-repellent surface. But the method was too time con¬ 
suming for practical use, at any rate for a complicated perfusion apparatus. 

In cooperation with the Uddeholm Company, Sweden, we have, therefore, 
worked out a method of coating tubes and glassware ‘with silanoles ivithout 
the roundabout way over methyl-chloro-silane. This simplification has made it 
possible to use the silicon as well in a more complicated perfusion apparatus 
udth the same water-repellent effect. 

By hydrolysis of methylethoxysilanes and condensation of these produces 
in appropriate molproportions siloxans are obtained as caseous liquids. This 
product is produced by the Uddeholm Company, Uddeholm, Sweden, under the 
registered trade-mark of Siloxan UHB 300. 

METHOD 

When the tubes and glassware are thoroughly cleaned and dried the Siloxan UHB 300 
is poured through the tubes once. A contact with the object for a few seconds is enough. 
The objects are then kept in an autoclave at 120° C. for one hour. The tubes are placed 
in such a position that the surplus of Siloxan can run off. Afterward, it is necessary io 
wash all tubes with sterile saline solution before the perfusion of blood is performed. 
Thus, the remaining surplus of Siloxan is washed away at the same time as the condensa¬ 
tion water in the tubes is removed. Otherwise this water will cause hemolysis. This 
preparation method has proved to be the best in coating a number of tubes in a more 
complicated perfusion apparatus. The machine can be coated when put together. 

If an isolated part, as a syringe or needle, is coated, Siloxan is first forced through 
the object, which then is sterilized in an autoclave or boiled in distilled water for five 
minutes. After washing in saline solution the syringe is ready for use with blood. 

This method of coating with Siloxan UHB 300 is now being used before all jw*' 
fusion experiments. Extensive blood analyses have shown no change due to the Siloxan. 

The advantages of the method: 

Using Siloxan UHB 300, a yvater-repellent surface is obtained in 
glassware and tubes tvith the folloAtdng result: 

1. The friction is diminished. 

2. The clotting is delayed, permitting a decrease of the heparin 
dose Avith 60 per cent. For three hours’ circulation in the perfusion 
apparatus 100 mg. heparin per 1,000 ml. blood is sufficient. It has, 
therefore, been possible to use comparatwely more protamine, 1^ 
mg. (10 ml.) neutralizing 50 mg. hepaiun. The risk of hemorrhage m 
intrathoracic operations is then on the whole eliminated. 

3. The fibrin fonnation is decreased. 

4. The risk of foaming is diminished. 

The artificial intima produced by Siloxan UHB 300 will, furtheiwo^^’ 
render the apparatus easy to clean after use. After rhythmical constric 
of the tubes for three houi-s, the Avails are still as Avater repellent as a er 
coating. The same coating has been used for three different j,j 

Aveek apart. At the mechanical cleaning of the apparatus, hoAvever, some 
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nmy lose (ho wntor-vepciloiit elTccl. I( is, Ihcroforo. ndvisnblo to perform n 
now coating Ixiforc cneli perfusion. AVc hove also fonml it aclvantangcons 
to use Siloxan for coating of npparntnses for blond transfusions and intra¬ 
venous admini.stration, noedic.s, cnnimlns, and sj’ringcs. 

SUAtM.vnv 

A simple method is deseril)ed for coating of glassware and iid)ber tubes 
with Siloxan Ullft 300. An elTeetive water-repellent surface is produced act¬ 
ing ns an nrtitleial intimn diminishing the Irietion, the foaming, the fibrin 
formation, and dela.Adng the clotting of blood .so that a comparatively smaller 
hcimrin dose enn be used. 
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COEXISTING BRONCHIOGENIC CARCINOLIA AND 
COCCIDIOIDOJUYCOSIS 

Report of a Case 

R. ]\Iaurice Hood, M.D. 

San Diego, Calif. 

E xploratory thoracotomy in the management of suspicious intrathovacie 
lesions in which a positive diagnosis is not obtainable, although not univer¬ 
sally accepted, is being performed inth increasing frequency throughout the 
United States. It is only reasonable to expect that in our ambitious quest to 
conquer bronchiogenic carcinoma unusual lesions wiU be discovered at explora¬ 
tory operations in increasing numbers. It has been recently pointed out hy 
Brewer and Dolley that, in cases in which the lesion is found to he a benign one, 
the ideal treatment of most of these lesions is resection. 

It has only been since the close of World War II that coccidioidomycosis 
has become a nationwide disease and must therefore be considered in the differ¬ 
ential diagnosis of most chronic pulmonary lesions. As yet, the indications for 
surgical treatment of the puhnonary^ lesions of coccidioidomycosis have een 
limited, and reported series of cases have been few. 

The following case is the first of its kind that we have seen. A search o >e 
literature reveals that Churchill, in 1947, reported two cases of malignan 
lynuphoma of the lung associated with coccidioidomycosis and stated that \ 
peisonal communication Maier had reported a similar case. Other than t esc 
related cases our review of the literature has failed to reveal a reporte 
prunarj^ bronchiogenic carcinoma associated with coccidioidomycosis in t le snm^ 
lung. Not having access to foreign and some American literature, excep 
title and published abstracts, our review is not complete and the authoi we comes 
correction if a similar case has been reported. 


advice 


CASE REPORT 

J.W.B., a 53-year-old white male brush salesman, entered the hospital tiiher- 

of a private physician. During a mass x-ray campaign in March, 1949, of t e o 
culosis association a 35-mm. photofluorographic film was made of his chest. po 
of findings in the film he was recalled and given a tuberculin shin test whic wn 
He was then adrtsed to see a private physician for investigation of a revealed 

the left chest. He neglected to report to a doctor until September, 1949. yellov 

that the patient had had a chronic cough productive of one-fourth cup o '^.g^pimtory 
sputum for several years. In Febmarj', 1949, the patient contracted an upper 
infection characterized by marked aggravation of the cough and an jncrease 
of sputum to one cup per day. He did not consult a phy'sician about had 

symptoms spontaneously subsided after three months. Since that time, option more 
felt “run down’’ and fatigued and had not been able to work at nnd all 

than two to three hours daily. He denied hemoptysis, night sweats, weig > 
other symptoms. 

From the Surgical Service ot the United States Naval Hospital. 

Received for publication Feb. 20, 19B0. 
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Pnst Uistorp .—Tlio jrtwt liJptory rovcnled tlint the pnticnt had l>con j'ubjMtcd to tlio u«ual 
dilldliood dl^rnw?5 and influenza in 1018. He wnn diapio^od as hnvinp n lH>ptic ulcer In 
1035, M-hlch rcflpondrd to n ehori period of reet and diet. ITo Imd intormittontly consulted 
a pli^'^ician for sovoml years for “colitla** characterized by infrequent diarrhea and 
oiccssive mucus in llio stools. 

ITo lind had mild hyiK-rtcnsion (ldO/100) for four years prior to admission and for four 
years had \tcon subject to typical anginal pain brou^it on by exertion and relievetl by rest. 

The patient nus l>om in Illinois wliero he Hve<l for 20 years, following which lie move<T 
to Florida where he resided for 15 years. For tlie five years precedlnfc ndniission, lie had 
Uvod in Southern Cnliforoin in Imperial Reach for two years and Clmla Vista for three j^cars. 
ITe had never lieen in the San .Tonquin Valley. Neither had he l»cen a resident of any of the 
southwestom states. 


Family JIhlory .—The family liistorA* was noncontrllmtorj*. 

PhyxiertJ Examinntion. —Ph}>icnl examination revenlc<l a well-nnnrishetl, wellMlcvelope<l, 
slightly ol>ese, white nuin, who did not up|»ear acutely or chronii*nUy ill. The blood profsuro 
was 140/100, the pnlso SS, and the respiration 22. The lemporaturo was 00* F. Except 
for /Ine rftlcs in the left lower lobe iK)steriorly which cleared on coughing, the physical 
oiaminntion was nogntivc. 

Laborntorj’ studies showed n normal urlno. Tho hemoglobin was 17 grams per 100 
ft.c. and the white coll count was 4,750 with normal dllTerontinl distribntion. Three exami¬ 
nations of the spatum for tulhorele bacilli were negative. Tuberculin skin test in n dilu¬ 
tion of 1:1000 produced a 20 by 2o mm. erythoiiin. Serologic titer for coccidioidomycosis 
by complement fixation was not done preopcmtively. Blood Kahn was negative. Electro¬ 
cardiogram revealed marked showing of tlio interventricular conduction mto. 

X-ray studies of tho chest were done. Rterooscopic views of tho chest revealed a 
periphornl mass lying against the lateral chest wall measuring 5 by 8 cm. The impression 
of the radiologist was (1) encapsulated fluid, (2) possible tumor of tho long or chest wall. 
Lamlnagmplis of this area wore done which revealed tho center of the mass to be at a 
depth of 12 cm. from tho back and indicated that the mass was nlK)Ut .5 can. in thickness. 
A diagnostic pneumothorax revealed the lung to bo adherent to the chest wall at the site 
of the mass, and the radiologist was still unable to determine if tho mass lay within the 
lung field. In addition, a 2-cni. circumscribed area of increased density was seen in tlio 
apex of tlie upper lobe, which, prior to the pneumothorax had o<'Cupied a i>o.Mition under tho 
first rill nnd clavicle and was present in previous fllnis in rotrospoct. Impression at this 
time was “tuberculo.sis, however, lung tumor cannot l»e ruled out.'* 

Bronchoscopy ruvoalod a small cro<led area on tho medial ■wall of the left main 
bronchus 1 cm. below tho carinn. Biopsy from this area was negative. Rmcars from 
aspirated matorinl taken at bronchoscopy nud repented smears from sputum were studied 
by Fapanlcalaou's method wore negative for evidence of malignancy. Bronchoscopy prior 
to surgery failed to reveal tho proWously described ulceration. 


On Oct, LI, JP4P, exploratory thoracotomy was performed. The left plenrnl cavity 
was opened through tho sixth rib bed. There was a dense mass in the posterior apical 
segment of the upper lobe which was densely adherent to the chest wall. Closely adjacent 
to this in the apical portion of the lobe was a 2-cm. nodule which was very firm. There 
were pea-sized nodules distributed throughout the lower lobe. Upon freeing the mass from 
the chest n-all, a 5 by 5 cm. thick-walled cavity filled with a caseous appearing material 
Was entered. It was felt at that time that a tuberculous process had boon encountered and 
^ lobectomy was done. Tho vessels to tho upper lobe nnd the superior pulmonary vein 


were triply ligated with silk ligatures and divided. The bronchus was severed and closed 
With simple interrupted sutures of fine silk. Tho chest wall was closed in individual layers 
with interrupted cotton sutures. Intercostal tubes were placed in the fourth interspace in 
tho auterior axillary line and In the ninth interspace in the posterior oxillniy line nnd 
connected to a water-seal bottle. 
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Frozen section of the removed specimen during the operative procedure was reported 
as epidermoid carcinoma. This section rvas taken from tlie solid tumor mass, the patholo¬ 
gist assuming that the cavitation was necrotic tumor. On the basis of the report it was 
deemed that the lesion was inoperable because of the chest wall invasion over a wide area. 
Also at the time the report was received, the operating time had exceeded three and one- 
half hours and the condition of the patient would not have permitted further resection. 



Fig. 1.—The formalin flxeci upper lobe show'Ing the relation of the , mass 

rounded discrete mass lying superiorly Is the epidermoid carcinoma, me 
cavitation la the lesion found to contain Goccidioides imitis. 
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Tlio patient'fl convnlcpconeo was iinDvontfal, nncl the tabes wore removed on llio third 
postoperative day. 

Potholopic licitcri .—Gross r,xaniinal}on of the sj»ocimen rovenlo<l It to consist of tho 
loft upper lolw of tho lunp menourinp Ifl by 9 by 0 «*ni. The plcuml surface \nis roaplioncfl 
on its latoml nspoct. Tlie lanp on pnljmtlon rcAvnlccl two distinct tumors, one located near 
tho jH'ripher)' in the mid-portion of tlie lunp, and the otlier located superiorly to and deeper 
in the lunp pfirenelnmia thnn previously ib'seribtHl, Aeromponyinp the /•pociwon uere two 
lymph nodes which were jM'ribronrlilnl nodes of the left up]>er lol>e. Tho no<les n})penre<l to 
l>o iTTossly involvc<l \rlth neoplnstic tissu«\ On f.eetioiunp the Innp a Arm tumor mass 2 cm. 
In diameter was located in the apical sepinent of the Iol*e. This mass \mp pmylsh-white, 
discrete, but not encnpsulati'd. A nccond mass lyinp Infeml and Inferior to the first mass was 
found to measure 5 cm. in nil dinnieters. The mass was filletl with white, ohoesy tissue, anti 
the wall of tho mass wtvs pranulntory in ehamcler. Ii was encapsulated and no tumor was 
seen prossly. The remainder of the lunp pnreuchynm wns not remarkable. 



2.—Pliotomlcroffraph at a iK?cthjn front tbo cnrclnon»a wJileh la a soDarnoua-ceJl or 
epidermoid carcinoma. 

Microscopic examination of the lymph node rcvealctl shcota of anaplastic epidermoid 

completely replncinp the normal nrehitcctnpc. 

Sections from the solid tumor mass from the lunp revealed nn anaplastic epidermoid 
carcinoma with many mito.^, liyperchromatlc liirnrro nuclear patterns, and complete loss of 
tlsTue architecture. A sepment of bronchlolar epithelium rcvcnle<l a marked cpidermidim- 
tioa of the lininp opitbelium. 

Sections of the i)eriplieml mnsH showctl It to consist of a rather dense fibrous wall lined 
hy necrotitiag pmnulatlon tissue. The center of the mass was composed of necrotic tissue. 
Poahlo-contonrcil spherical spores measuring from ten to fifty mlem, clmmcteristic of 
Cocetdloidci fmmitis, were fomid distributed hi tho necrotic tissue and in the wall of the lesion. 
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The diagnosis was: (1) Epidermoid carcinoma of lung with metastasis to regional 
lymph nodes. (2) Coccidioidomycosis of the lung. 

After pathologic examination had been complete it was apparent that two separate 
lesions were present and that the carcinoma was localized and was grossly operable. Com¬ 
plete mediastinal lymph node resection had not been done at the time of surgery. It was 
Voided, therefore, that reoperation with complete pneumonectomy and excision of lymph 
nodes was indicated. 



On Oct. 31, 1949, the patient was operated upon again. The 
reopened. The left lower lobe was mobilized. The pericardiuni was open ^i^ionary 

mon left pulmonary vein was triply ligated with heni-j'\ ^jgnchus was 
artery was mobilized to its origin and similarly ligated. The e ^ j^.gjnjpted suture? 
amputated within one centimeter of the carinn and closed wit simp e n evidence 

of 0 silk. All accessible hilar and mediastinal l 3 'mph nodes were ;nill 

of tumor was seen grossly in the specimens. The pleural cavity was c evidence of 

was repaired as before. Pathologic examination of the removed tissue ^ granulotnntoM 
carcinoma. All lymph nodes were negative. A small 1 by 1 cm. are 
tissue was found in the pulmonary ligament which proved to re a p 


dioidomycosis. . , , rth postoperative dnv, 

The patient’s postoperative course was uneventful until tie ou ppj. 

when he suddenly began coughing up blood-stained material tj,e operate'’ 

found circulatory collapse. Examination revealed a tension pneu ^ broncho- 

side with a marked shift of the mediastinum to the right, tt ''as ^pp connected 

pleural fistula had developed. An intercostal tube was inserte J bronchoscopf 

to a water-seal bottle. Intratracheal aspiration was repea e y ugb the opened 

was employed to remove material aspirated from the pleural cavity 
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bronchial stump. Kvidoncc of a mthor marked pnmdoxical mediastinal motion present 
ami pulmonary mlenm developed in the right lung. Tho patient Tras digitalioed with slight 
improvement. The patient’s course from this point wns progressively downhill, and ho 
cipirod from cardiac failure on tho seventh )>ostopomtive day. 

Autopsy revealed besides the disrupted bronchial stump and an early empyema tliat 
tho right lung was extremely emphysematous. Also a gmdo 4 coronary arteriosclerosis 
was present. There were sninll nmlulcs in tho right lung wldch proved to bo focal lesions 
of coccidioidomycosis. No evidence of residual or metastatic carcinoma could bo delected. 

A dinpiosis of nctivc coccidioidomycosis could Imvc been made by employing 
complement fixation tests; iiowevcr, if it had been made prcopcrativcly tlic car¬ 
cinoma wonld liavc Imcn neplectcd until a much later date. 

Althongh the oimmtive procedure was performed because carcinoma could 
not 1)0 ruled out, we feci that tlic tumor in this case was an incidental finding. 
■\\nictbcr pneumonectomy was indicated in this case remains a question. The 
author feels that since metastatic tumor was found in tlic pcnl)roneliial h-mpli 
nodes at the first oi)Cration, rcoporation was imperative. 
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KESPIRATOEY AND CIRCULATORY STUDIES AI^^TEll 
PNEUMONECTOMY IN CHILDHOOD 

R. M. Peters, M.D., A. Roos, M.D., H. Black, MD.,*’ 

T. H. Burford, M.D., and E. A. Graham, MD. 

St. Louis, SIo. 


A lthough seventeen years have elapsed since the first successful one-slage 
pneumonectomy was performed, relatively little detailed information is 
available regarding respiratory and circulatory function of individuals in 
whom a lung has been removed. This deartli of knowledge is paiticulari.v 
striking in pneumoneetomized children. 

In 1937, Bremer* investigated the histologic changes in the remaining lung 
oceuriang after experimental pneumoneetomjL In growing cats what was con¬ 
sidered to be a true h3'perplasia of the parencln^ma was found, whereas in adult 
animals simple alveolar distention took place. 

Longacre, Carter, and Quill- determined lung volume, response to excivise, 


and tolerance to low ox.ygen in two grou]is of dogs following pneumonectomy. 
The adult animals showed marked deficienej’^ in respiratory reserve. Althougli 
their functional residual air volumes were abnonnally large to such extent that 


thej^ equalled prepneumoneetomj’- values, they^ could perform moderate exercise 
adequateljL Operated puppies, on the other hand, did as well as their un¬ 
operated litter mates on both moderate and strenuous effort even though tlie 


remaining lung filled the entire thorax. 

In a later eonununication Longacre and Johansmann^ reported expen- 
mental studies four ymars after pneumonectomy' which represents about one- 
half the life span of the normal dog. In the adult animals fragmentation o 
alveoli and loss of elastic tissue were found, while the dogs operated on as puppi® 
demonstrated only a slight amount of alveolar membrane rupture. Tlie physi¬ 
ologic performance of the latter group was nearly normal whereas the foinier 


sliowed deficiencies on all tests. 

There have been a number of investigations on adult human beings following 
pneumonectomy but only two on children, reported by Lester and associates. 
Three children aged 9, 12, and 14 ymais who had left pneumonectomies were 
studied. All three cases were complicated b.v postoperative empj'cma. 
the study was made, one to three .vears after operation, all were in good 
condition. They' performed exhausting exercise without changes in bloo ^ 
composition other than those expected in nonnal individuals. The lung vo 
were larger than expected for one normal lung but not as large as pi'e ic e 
two. In none of them did the lung fill the opposite hemithorax complete y. 
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patient nilh flic moat marked herniation had poorer function than the other 
two. The authors conehided that orerdistention of tlic lung following pneu¬ 
monectomy was undesirable and tlint steps .should be taken to prevent di.splacc- 
ment of the mediastinum. 

In a second paper*'’ the same three patients were studied five to six and 
one-half years after operation in addition to u 20-yenr-old girl who hod a loft 
pneumonectomy completed at the age of 16 years. Two patients showed im¬ 
proved adaptation and good performance. The i-emaining two showed a drop 
in arterial o.sygcn saturation after exhausting excrei.se. The latter eases also 
had reduced breathing i-csetwc and increased ratio of residual air to total 
capacity. In one of these ca.ses, the 20-ycnr-old girl, a fhomcoplasty had been 
performed in an attempt to relieve distention with some subjective but no 
objective improvement. 

The preceding studies include only patients with postoperative empyema 
in whom the mediastinum may Ix" more rigid than nonnally is the ease. One 
of the patients was IG years old at the time of oiiomtion and therefore past 
her maximal growth period. It seemed, therefore, desirable to us to study a 
larger scries of children on whom luieumoncctomy uncomplicated bj- empyema 
had l>cen performed in early childhood. 

CLINICAL 11ATERIAL 

Of the twenty-two children who have had a pneumonectomy at Banics 
Hospital, ten have been studied. Of the remaining twelve, five died in the 
immediate postoperative period, one survived eight years but met an accidental 
death, two were too young for .satisfactor.v evaluation, and four cannot bo 
located. 

In the group c.xnminc<l, oiieiation was performed because of unilateral 
bronchiectasis or alisccss in seven and actinomycosis, granuloma of unkno^vn 
etiologj-, and lipoid pneumonia in the remainder. In all but one of these cases 
there is no disease in the remaining lung. The group includes seven girls and 
three boys whose ages at operation ranged from 3 to 14 years. At the time of 
study eight months to thirteen years had elapsed since operation which was 
performed on tlio right in four and on the left in six. There was only one 
postoperative empyema and no bronelioplouml fistulas. All but three pneu¬ 
monectomies were done by indiiddual ligation tcchnitpie. 

At the time of study all but tlie patient with residual disease were leading 
normal lives. One girl (J. W.) now 21 years old is a champion gymnast and 
a 19-ycnr-old boy (S. H.) is doing con.stniction work 4,000 to 5,000 feet above 
sea level. None of the patients had any significant scoliosis or other cosmetic 
defonnitj'. Age at operation, sex, height, weight, body surface, and diagnosis 
are given in Table I. 

methods 

The patlonta Avere examined early in tlio morning, faeting or after a light breakfast. 
"Vital capacity and its Bulxlh-iaions wore determined in the supine position with a standard 
metabolism machine filled -nith oxy^gen. The complemental air valnos Includei tidal air 
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as suggested by Christie. A wait of at least twenty minutes was allowed after those tests 
in order to restore normal gas relationships in the lung. Residual air was then measured 
with the patient supine by the closed method of Coumand and associates,s modified by 
placing an additional three-way valve between the main three-way valve and the spirom¬ 
eter circuit. This renders it unnecessary for the patient to hold his breath at the end 
of the alveolar sampling. The technique involved seven minutes of oxygen breathing 
during which time the expired air was collected in a spirometer. At the end of seven 
minutes an alveolar sample was obtained. The nitrogen percentage of this and of the 
spirometer content was determined in the Van Slyke-Neill apparatus according to the 
method described by Peters and Van Slyke® with minor modifications. Duplicate deter¬ 
minations checked within .03 volumes per cent. 

Considerable difficulty was encountered in residual air determinations on young 
children and the results cannot be e.xpected to check as well as in adults. However, al¬ 
veolar nitrogen values in duplicate tests checked adequately in all instances. The differ¬ 
ence between duplicate values of the re.sidual air determinations was less than 12 per cent 
in five subjects. In the remaining five it varied from 16 to 34 per cent. Only in patients 
with large residual air compartments were the differences between duplicate determinn- 
tions great. 

To measure maximum breathing capacity, the patient was encouraged to breathe as 
deeply and as rapidly' as possible in the erect position for two periods of fifteen seconds 
and two periods of thirty seconds. The expired air was collected in a 350-liter spirometer 
by means of two one-way flutter valves. The diameter of the connecting tubing was one 
and one-half inches. The highest value of the four obtained, expressed as liters per minute, 
corrected to prevailing barometric pressure at 37° C., and saturated with water vapor, 
W'as used. 


Following another twenty-minute rest period a femoral arterial blood sample was 
withdrawn in a lightly lubricated syringe the dead space of which wms filled with undiluted 
heparin. The patient then performed a standard e.xercise which consisted of walking on 
a treadmill at a five degree grade for seven minutes at a speed of either 2.5 or 3.2 miles 
per hour, depending on the size of the subject. During each minute of exorcise and at 
three, live, and ten minute intervals afterward pulse and respiratory rates were recorded. 
Immediately upon completion of exercise another arterial blood sample was withdrawn. 
Part of each blood sample was centrifuged under oil and the plasma collected over mercury 
7 for carbon dioxide content and pH determinations in duplicate. The former was done 
according to the 0.2 c.c. method as described by Peters and Van Slyke,o the latter with f e 
method of Hastings and Sendroyr using bicolor standards. The remaining blood was use 
for the determination in duplicate of oxygen content and capacity in the Van Slyke- oi 
apparatus. All gasometric analyses checked wdthin 0.12 volumes per cent. The car ^ 
dioxide tension was computed from the pH and carbon dioxide content by means of ® 
Henderson-Hasselbalch equation using the lino chart of Peters and Van Slyke.e 

Finally, inspiratory and expiratory posterior-anterior x-ray films of the chest wer 
taken as well as a lateral film of the nonoperated side in most instances. 
viewed by Dr. William B. Seaman of the Mallinckrodt Institute of Radiology' ° ^ 
each case from one to four plus for diaphragmatic motion, mediastinal motion, an 
of herniation of the lung into the opposite ,hemithorax. An estimate was also ma e o^ 
size of the thoracic cage on the operated side expressed as a percentage of the size o 
nonoperated side in the inspiratory position. 


RESULTS 

The results of these studies are shotvn in Tables I to VI- The 
listed above the rule are children Avith the left lung remaining, 
the right. Gr. K. AviU be discussed separately since she was the only c u 
whom there was residual disease. i 
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Table I. Bonv CnAriACTFRisTicB an'b Diaqsobes or Cases Studied 








NUMUER; 







ACr. AT 1 

or VEAJtfi 






sunrACF. 

OPERA- 

SINCE 




lIEinilT 

tVEtOllT 

Ater.v IN 

TION 1 

opeka- 


BUBJECT 1 

SE-V i 

r.v cii. 

I.V Kfl. 1 

if» i 

(tTHKB) 1 

noN 1 

DiAo.vosrs 


jr,p.* 

JX.* 

P.T. 

G.K.t 

F 

aM 

F 

F 

107.8 

170.0 

105.0 

147.3 

51.8 

54.5 

01.7 

42J3 

Lfft hnny Jicmainxnjj 
1.57 3 

1.08 12 

1.07 14 

1.30 10 

12 

4 

3 

1 

Infected cystic disease 
Cljronic lung abscess with 
bronchoploaml fistula 
Artinomycofiis 

Granuloma of lung 

.T.n.’ 

M 



ItiyUt hvno Urmainino 



127.C 

20.8 

l)J)7 

5 

o 

Lun/r nhscoss with bron¬ 
chiectasis 

JJI4 

F 

140.0 

31.8 

1.12 

0 

0 

Broncliicctasls dne to as¬ 
pirated forelpn IkhIj 


F 

144.0 

34.0 

1.05 

12 

s /12 

Omnuloma of unknown 
ctlolojify 

Bronchiectajils duo to ns- 
pimtofl forelfm body 

B.S. 

F 

351.0 

37.2 

1.20 

3 

10 

s.n. 

M 

184.0 

08.1 

l.SS 

13 

0 

Bronchiectasis due to as- 
pirnted forci/jn body 

.TAV. 

F 

102,5 

5.5.0 

IJiS 

8 

13 

Bronchiectasis dno to as¬ 
pirated forcipn body 


•Preoporatfvc empyenin. 

tnwlOual (1I9CQWJ In rcnwlnlnf; Junp. 

tPoatopomtlve cniiiycnm but no bronchoiiUumI n»tuln. 


The oxygen xnturntion before nnd after exorcise (Table II) was trithin 
normal range in all subjects, increasing 1 to 4 per cent in all but JI. P. after 
elTort. An oxygen capacity rise averaging 0.73 volumes per cent similar to 
that found in nonnal subjects tens also noted. Tho plasma earlton dioxide 
content and pll were within the normal range before and after exercise ns was 
tho carlion dioxide tension except in the case of G. S. Tbi.s Inst value is un¬ 
doubtedly due to a tccluiicnl error. The ro.spiratoiy rates ■with exorcise (Table 
in) wore higher than the normal figures given by nobinson.” At the end of 


TAnaE II. AitTEniAi. Biakiii Srvmas DcroRc and Afteb Exercise 



OXA'CEX 

S.VTUPwATlOX 

% 

OXVOCN 
CAPACITY 
VOL. % 

PLASMA CO, 
CONTENT 
MEQ./L 

PIaASUA pu 


SUBJECT 

H 

AITEU 

EXER¬ 

CISE 

HEFOnE 

EXER. 

OISE 

AFTER 

EXER¬ 

CISE 

DEFonn 

EXER¬ 

CISE 


BETORE 

EXER¬ 

CISE 

Amm 

EXER¬ 

CISE 

DETOIIE 

■jEXER- 

CISE 


ILP. 

BHH 

imi 

Left Luno Remaining 
17.39 18.28 £4.30 18.75 

7.50 

7.36 

32.9 

36.1 

JX. 




21.12 

24.44 

22.38 

7.47 

7.47 

36.0 

32.3 

D.T. 


KBiRvB 

17.76 

19.10 

24M 

mitKvm 



33.0 


a.K.* 


81.32 

22.01 

Wmfm 


S4.10 

7.60 

7.36 

35.0 


JX. 

JX. 

93.08 

D4.00 

05.35 

Kig\t hung Remaining 
1TJ)6 22.42 

18.43 18.97 24.03 24.11 

7.40 

7AT 

7.47 

36.7 

35.2 

35.0 

Q.a 

G5J>8 

99.26 

18.65 

19.41 

22.42 

25.781 

7.43 

7.38 

35.2 

613 

B.fl. 

90.83 

97.83 

10.83 

10.03 

20.77 

20,45 

7.45 


HlVIiH 

35.1 

8ja. 

97.08 

90.08 

22.60 

23.07 

24.42 

23.98 

7.65 


29.3 

mvMim 

•T.IV. 

94.00 

06.62 

17.36 

18.20 

18.85 

22.02 

7.85 

7.37 

35.8 

39.1 


•Rftaldual dl»caj» In remaining Iona:. 
tProbablo technical error. 
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Table III. Polse and EESPntATORY Bates During and Aeter Exercise 



PULSE 

1 RESPIRATIOXS 

SUBJECT 

MAXIMUM KATE 

WITH EXERCISE 

rate 10 mutotes 

ATTEB EXERCISE | 

AIAXTMUM RATE 
WITH EXERCISE 

RATE 10 MINUTES 
AFTER EXERCISE 


Left Lung Lemaining 


M.P. 

J.L. 

D.T. 

G.K.* 

148 

136 

192 

140 

102 

60 

92 

124 

32 

32 

44 

84 

■ 20 

20 

20 

42 

J.E. 

112 

Sight Lung Bemaining 

96 

40 

22 

J.B. 

132 

92 

40 

20 

G.S. 

156 

118 

30 

20 

B.S. 

176 

104 

36 

16 

S.H. 

140 

76 

28 

17 

J.W. 

148 

84 

36 

16 

•Residual disease 

in remaining lung—tolerated only two 

minutes 

of exercise. 


a ten-minute recovery period, hoivevez’, the rate ivas 22 or below in all subjects. 
The pulse rate in the same intenml had returned to 100 or below except in one 
individual studied only eight months after operation. Those in better physical 
condition such as S. H., J. W., and J. L. had the slowest pulse at the end of 
the ten-minute rest period. 

Table TV lists the absolute values found for each of the subdiiasions of 
the lung volume, the maximum breathing capacity, and the per cent of alveolar 
nitrogen after seven minutes of oxygen breathing. To evaluate these results 
some standard of reference is necessary. The values for comparable normals 
reported in the literature by different investigators vary considerably. The 
prediction formulas of Bald^vin and associates for ^dtal capacity and maximum 
breathing capacity® are satisfactory in older children and adults but are not 
derived from or useful for predicting Amines in younger cliildren. Thus figures 
obtained by using these formulas 01*6 much larger than those found by Eohin- 
son® in normal boys and by WUson and Edwards’® in childi’en of both sexes. 


Table IV. Total Lung Volume—Its Subdivisions and Maxemum Breathing Capacitt* 


SUB¬ 

JECT 

TIDAL 

VOLUME 

(C.C.) 

COMPLE- 

MENTAL 

VOLUME 

(C.C.) 

RESERVE 

VOLUME 

(C.C.) 

YITAIi 

CAPAC¬ 

ITY 

(o.a) 

RESID¬ 

UAL 

VOLUME 

(C.C.) 

TOTAL 

VOLUME 

(C.C.) 

RESIDUAL 

TOTAL 

M.P. 

313 

1585 

501 

Left Lung Bemaining 
2035 3271 5357 

61.0 

J.L. 

628 

1909 

602 

2510 

1124 

3635 

30.8 

D.T. 

289 

1417 

210 

1680 

650 

2277 

28.6 

G.K.t 

236 

483 

129 

559 

747 

1359 

54.6 

JJR. 

J.B. 

319 

1063 

904 

330 

186 

Bight Lung Bemaining 

Ills 

1116 1038 2128 

48.8 

G.S. 

369 

1055 

190 

1212 

2706 

3900 

69.1 

B.S. 

310 

1500 

310 

1810 

1060 

2870 

37.0 

S.H. 

536 

2678 

1102 

3640 

1241 

5025 

24.7 

J.W. 

479 

1915 

718 

2660 

997 

- 3625 

27.4 


-xlOO, 


% ALVEO¬ 
LAR N, 

after 7 
min. 0, 
breath¬ 
ing 


6.41 

1.05 

1.27 

1.86 


1.32 

3.86 

1.08 

1.90 

1.45 


MAXI- 

JIUM 

breath¬ 

ing 

capacity 

(l/MIN.) 

45.3 
63.5 
48.9 
30 

46.0 

35i 

36.4 
54.1 

92.5 
52.0 


•All volumes are at 
tResidual disease in 


barometric pressure 37’ 
remaining lung. 


C. and saturated with water lapor. 
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Table V. Ooiir.vBisON of Vital C-APACi'n*, Total Capacity, anti JiAXiiiuit BcHATinNo 
Capacitt Expressed in' Per Cent op Various Stantjarps for Two Normal Lunqs 


1 

SUBJECTi 

AGR AT 
KTODT 
(YEARS) 

^ BEX 


MTAL 

CAPACITY* 

! 

i 

TOTAL CAPACITY* 

UAXIiTUU 

BREATinNO* 

CAPACITY 

I 

1 in 

in 1 IV 

1 ^ 

1 I 1 II 

1 in 1 

IV 1 

1 I 1 

[ n 



Lc/t Ltfvff J^emoininf; (Xonnat—jitr cent of iotol) 




SI.P. 

15 

F 

W 

GO 

55 75 

71 

113 127 

114 

121 

41 

45 

J.L, 

10 

M 

5-1 


51 52 


03 

68 

57 

61 

01 

D.T. 

17 

F 

51 


45 63 


5.5 

40 

51 

40 


OJCf 

10 

F 

LS 

30 

19 

23 

57 

30 


30 

30 



liipht Lunri Hemainintj (Xormat — 6S jter cent of total) 




J.R. 

7 

M 

33 


05 

01 






.TJL 

12 

F 

3fl 

59 

51 

54 

00 

70 


46 

52 

o.s. 

12 

F 

4i 

04 

55 

03 

105 

140 


53 

40 

11.8. 

13 

F 

57 

S7 

01 

70 

no 

77 


00 

70 

B.H. 

10 

M 

< i 


73 70 


85 

77 

82 

04 


J.W. 

21 

F 

84 


72 85 


01 

76 

82 

54 



•I. Formula* of DaLlwln nn«l n*»oclato*.* 

II. Normal vnluoa Coumnml and aMoclnto*.* 

III. Normal \*nluc* Roblru'on.* 

r\’. Normal \7iluc* Hurtado and n#moclnt<**,"- •» 
V. Normal ^^^Iuoa AVlIiron and EJ<l\vnrd».** 
tRcjldunl dlwaae In n-nminlnR lunj?. 


In tljo only study of normn) fomnic subjects (Ilurtndo nnd nssocintes”) the 
nge range is from 17 to 34 years. The dilllculty in eonijiniing our results nitli 
normal data is evident in Table V where the values obtained in our subjects 
are expressed ns n percentage of those predicted for two lungs by various authors 
for normal subjects of similar nge nnd Imdy fluid. As nn c.xnmple, it can be 
seen that the rital capacity of B. S. ranged from rt7 to 79 per cent of nominl 
tritli different standards. 

In nil cases the tidal nir was greater than would 1)0 expected for one lung; 
nnd in most, suhjects approached tlic nornini value for nn intact indiridunl. 
Complcmental nir was also greater than predicted. Keservo nir was larger 
than expected for one lung in four; in the remaining six it was less. All of 


Tadle VI. gADioriwio Evai.vatiox of Diafiihaohatio axi> Mediastinal Motion 
AND SiKE OF OfeKATEIi HEMITnOEAX* 


hobject 

DEGREE OP 
DUPIlRiVOlIATlC 

itonoN 

DEGREE OP 

DEGREE OP HERNIATION INTO 

UEDIASTINAL THE OPPOSITE 

MOTION irEUmiORAX 

OPERATED Sine 

AS PER CENT OF 
THE NONOPERATFJ) 



Left Zeinff Jlcmaininff 



M.P. 

o 

0 

4 

80 

J.U 

4 

1 

3 

70 

D.T. 

4 

1 

1 

70 

G.Kt 

2 

1 

3 

100 



Light Lung Ilemaining 



Jal{. 

1 

2 


90 

SJB. 

2 

1 

1 

40 

G.8. 

1 

0 

1 

100 

B.8. 

2 

1 

4 

90 

ELH. 

3 

4 

2 

100 

J.W. 

4 

4 

4 

DO 


*M*iniItuile of motion rated from 1 to f plus. 
tUeeldual dlteaae In remaining lunff. 
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our eases liad vital capacity values at least as great as could be predicted for 
the remaining lung. In some it was markedly greater. The maximum breathing 
capacity similarly showed values as lai-ge as, or up to 10 per cent greater than, 
that predicted for one lung. As the resistance in our system was liigher than 
in the apparatus used in the control studies with which we are making com¬ 
parison, the performance on this test might he better than the percentages would 

indicate. 


r 










Fig. 1 (J. W^).—Bxpiratorj’ (left) and and'^mTrWed 

years after left pneumonectomy. Moderate ■y^'^I’^'dlastlna" motion normal 

Ing lung into opposite hemlthorax. Wide of mcrliasunm ,^^'1 capacltj ana 

phragmlitlc descent (Wm Interspaces) associated ’a 1 th superior p 

ratio of residual air to total lung volume (27 per cent;. ^ ^ 

Evidence of an increase in size of the remaining lung is for a 

of total lung volume greater in all cases studied^ t lan ^a ^ ^ ^ ^ 

similar noiunal liuig. In three inditdduals (M. P., Avith two func- 

capacity was even greater than expected in a norma in u is siig- 

tioning lungs. In two of these children (M.^ P. an ^ tiie third 

gested by the very high ratio of residual air to tota cap ^ ^ ijicrcascd 
subject (B. S.) as well as in three others (J. L-, J- '’J? capacity and 
toti capacity went pari passu rvith larger than ejected ntal 
in them a hyperplasia of liuig tissue may have oceurre . alveolar nitrogen 

In the two patients vdth highest residual air volu • , Duplicate 

values were encountered after seven minutes of oxj^gen ^ ^ 

Tit the time of her operation 12 years ago, so far *Bonie '''g'PTc'aPP^®'^ 

-oung ^-^uITTrToS 

;ro\f like'a'^T normal girl of 15 years. 


PET>UtS ET AE. : PXKUJIOSECrrOJIV IN rillLmiOOD 4!)1 

determinations ot tlicso nilropon concentrations in alveolar air checked satis¬ 
factorily. Tlicse higli values aix' believed to be endenee of poor ventilation of 
some portioiLs of the Iniif; and not due to tcehnieal crrois. In nil other patients 
the alveolar nitrogen concentrotions 'vei-e within normal limits. Of the eight 
on whom sntisfnetoiy vnlncs were obtained, four had a ratio of residnnl air to 
total ca])acity below 30 jicr cent whieh may be taken a.s normal for this ago 
group. The other four all had nitio.s whieh innsl be eonsidered nlwve normal. 



FIk. 2 (it r.). —Kxplmtorj- (loft) and Inuplrfttoo' (rJRht) roentecnopramfl taken twelve 
5"^™ after right pneumonectomy. Harked herniation of long nnd marked modloatlnal ahlft 
with heart In right Uiorax. Only nKwleratc dlnnhmgmntlo motion (ono Intorapace) and no 
mwiaallnnl motion on deep Insplmtlom ncalduiil air compartment 69 per cent of total lung 


The condition of the remaining lung, ns judged from the x-ray films, cor¬ 
related well with the functional studies. All patients liad herniation of the 
lung into the opposite liemithornx to a greater or less degree. However, in those 
patients irith eiidencc of a wide range of mediastinal nnd dinpiiragmatie motion 
the iiernialion, althougli largo, did not rasult in a large residual air compart¬ 
ment, nnd their ventilntoiy performance wn.s c.xcellent (Fig. 1). As the dia¬ 
phragmatic nnd mediastinal mobility was reduced the herniation took place in 
association with increased i-csidunl air. In tlic two cases with the highest ratio 
of I'Csidunl air to total capacity, no mediastinal motion was found (Pig. 2). 
In other words, the highest residual air percentages were all associated with 
two plus or le,ss motion of lioth mediastinum nnd diaphragm. The two subjects 
"ith the largest vital capacities ns compared to the predicted values had the 
61'eatest mediastinal and diaphragmatic movement. 
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In six of the ten, the size of the hemithorax on the operated side, as judged 
by radiography, was essentially the same as that on the unoperated side. The 
postoperative empyema in J. B. may have resulted in a contraction of ipsilateral 
hemithorax to 40 per cent of the size of the opposite side. The remaining three 
patients had slightly reduced ipsilateral hemithoraces; two of these experienced 
empyema before operation but the other had no pre- or postoperative com¬ 
plications. 

Thus far G. K. has not been discussed because of the disease in her. remain¬ 
ing lung. She is a pulmonaiy cripple, and could exercise for only two minutes 
at the end of which time her arterial oxj'gen saturation had fallen to 81 per 
cent and eai’bon dioxide tension had risen to 46 mm. Hg. Her vital capacity 
and maximum breathing capacity were less than expected for the remaining 
lung and her residual air compartment was large. She is the only patient who 
manifested any abnormalities in blood gas values on exercise. 


SUMMARY AND CONCLUSIONS 

There is no apparent correlation between age at operation and physiologic 
perfomance as determined by^ the methods used. Except for perhaps the first 
year, the interval after operation would seem not to influence the result. 

In comparing our patients ivith Cournand’s four children studied after 
pneumonectomy, we find essentially’’ similar vital capacity data. In maximum 
breathing capacity’ two of his subjects exceeded the best of our series, but the 
difference in technique may have made this discrepancy more apparent than real. 

We have found a high residual air in one-half of our subjects, but eien 
this finding, together with reduced ventilatoiy ability’, has not prevented any 
of them from performing moderate exercise for seven minutes in a normal way 
and w’ithout fall in aiterial oxy’gen satui’ation. Oournand has raised the ques¬ 
tion whether herniation of the remaining lung into the opposite hemithorax 
should not be prevented by’ thoracoplasty’ or oleothorax. We find, however, 
that herniation of cohsideimhle degree can be associated vath low residual 
values and excellent vital capacity and maximnnr breathing capacity if 
mobility of diaphragm and mediastinum is maintained at a maxhnum. One o 
the most striking and provocative findings from our studies is that the 
performance on all tests was found in the two most active patients, the gymn 
and the construction worker, each of whom has made a concerted effort 
come his handicap. This observ’ation suggests the importance of physica 
ing after pneumonectomy’ and the maintenance of the maximum mohi ity 
diaphragm and mediastinum. 

AcTenowhigment .—Miss Dorothy J. Heob and Mrs. Betty J. Sanftlebea perform 
chemical analyses. 
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PERICARDIAL CELOMIC CYSTS AND PERICARDIAL DIVERTICULA 
A Concept op Etiology and Report of Cases 


Walter I. Lillie, M.D..,* John R. McDonald, M.D.,t and 
0. Theron Clagett, M.D.,^ Rochester, AIinn. 

T HIN-WALLED cysts of the mediastinum, filled mth a clear fluid and lined 
with mesothelium, constitute a relatively new clinicopathologic entity. 
The contemporary problem of the origin and significance of these cysts may lie 
said to have arisen in 1934, when Pickliardt* first reported the successful removal 
of a "pleuropericardial cyst” from the mediastinum. Prior to this time, discus¬ 
sion of the etiolog}’ of these cysts had been confined to pathologico-anatomic 
reports which date well back into the past century. Rokitansky- in 1854, 
Craveilhier® in 1849, HiiTp in 1848, Coem in 1885, and Rohn® in 1905, described 
cysts which they considered to have been formed by herniation of the serosa 
of the pericardium through the fibrous leaf of the pericardium, or "pulsion 
diverticula.” Rohn” and Atayas-Maraty,^ in 1885, described cystic lesions 
which they explained as having been formed by the pinching off of a serosal 
hernia of the pericardium. Grabowski,® in 1926, considered that since his 
patient had had syphilis, the lesion might be a gummatous lesion. Dufourand 
Mournit,® in 1929, and Tater,’” in 1931, concluded that in their cases the 
lesions were of lymphatic origin. Lauer,^' in 1925, and Lambert,'- in 1940, 
clearly stated the probable congenital nature of these lesions. 

This paper is an attempt to clarify the concept of these cysts and to ex¬ 
plain the occurrence of these cysts in the locations in which they are found and 
their relationship to certain of the diverticula of the pericardium. It is not the 
purpose of this paper to discuss the mechanisms which might account or 
changes in the mediastinum or pericardium in association with inflammatory 
or degenerative disease. The reader is referred to the papers of ICieiiboc' 
and Weiss,Cushing,'^ and Reitan'® for extensive collective reviews o 
mediastinal abnormalities. 

To accomplish our purpose we reviewed the cases of cysts of the 
tinum encountered at the Alayo Clinic from June, 1941, to December, 6 
inclusive, and also cysts of the mediastinum and diverticula of peiicai m 


which were reported m the literature. 


laded 


Li order to limit our study to congenital lesions in both series we exc 
cases in which any significant pulmonary or cardiovascular disease a 

reported in the case record or protocols. . a i e of 

The eases accepted are grouped in Table I in accordance ivith t e yP^ 
lesion, the site and type of attachment rather than chronologically, 
indicate the etiologic mechanism which will be suggested. lu the m er ^ 

Abridgement of thesis submitted by Dr. Lillie to the Faculty oLof 
the University of Jllnnesota In partial fulfillment of the requirements tor 


of Science In Surgerj-. 

Kecelved for publication Feb. 10. 1050. 

♦Fellow In Surgerj-, Mayo Foundation. 
tDlvIslon of Surgical Pathologj-, Mayo Clinic. 
tDlvIslon of Surgerj'. Mayo Clinic. 


494 



LILUK KT AI,.: PEKICAnolAL CEM)MIC CVSTS A>;D DnTJlTICULA 405 


Tadlk I. PcnioAnDiAi. Lebioxs 


USION' 

AtmiOKS 

CAfira 

TOTAL 

a\8ES 




3 


1 

Hristowe®^ 


Diverticulum of pericnnllum 
with narrow Imso 



6 

Coen* 

1 

Neprjnehinsr 

1 

(Irnbou-ski** 


Maxer^o 


Cysts with pe<liclc to perienrdium 

Atayns-MnnityT 


7 

Corslni** 


KliiLWliewitHeh=o 


Bradford, Mohon, and Orowcs 
(Cases 5, 7, and 8) 

.*} 


1 

Cj-sts of tho cardlojdircnic angle 



17 

CniKit Case 2,%lll2»‘> 

1 

Lamls-rt (Derry nml Jlutler)«t 

2 


4 


1 

Authors’ cft5»*s 

8 

Oysts locfttctl liiplier in medias- 
tinam with no recorded attach- 
meot at cnnliophrenic nuple 

Dufour and Mourrol'> 

I 

5 

Authors’ cases 

4 

Total 


37 


breWty, the 25 ensos from the literature nrc merely listed ns details inny he 
found in the references quoted. The 12 new ciises frani the clinic nrc reported 
briefly. 


nni’ORT OF CASES 

Cabe 1.—A white mnn. 04 Tcnr5 old, firpt w*cn ot the clinic .Tune 2o, 1041. Chief 
complaint was mcml Imcknelie. Houtinc roontprnoprnnw of Iho thomx rcrenlod nn Irrc^larly 
ronndod duim in the rlpht rnrdiophrcuic nnelo, which apponroil to l )0 distinctly sepamte from 
the chert wall and the diaphmpm (Fip. 1). No pulsation noticed on roentpenoscopic 
emminatiom Exploration for diapnosiH of a poHslhlo iwcml tumor avtui porformcfl on July 4, 
1&41, but no tumor cells were found. On .Tnly 17, 1041, another exploratory operation was per¬ 
formed for a possible omental sulwostostemni hemiu. Tho diaphmpm ^ms normal, but a 
tumor was felt in tho repion of the pcrlcnrdium. On Aop. 27, 1041, tho mediastinum was ex¬ 
plored and a Inrpo cyrtic tumor ^vas found in the ripht cnnllophrcnic anple in the anterior 
mediortinum. It was adherent to the ripht nKhlinstinnI plenm at tho enrdiophronio angle. 
The cyst was filled with clear flui(L Vessels wore Jipatefl in tho anterior mediastinum and on 
tho pericardium. Tho portopomtivo course was uncomplicated. 

Pntholopic examination revealed ft thin-Avnllcd cyst, mensurinp 9 by 0.5 by 6J5 cm. Tho 
'^Us were composed of fil)roa8 coanectivo tissue lined by flat epithelium. 

Case 2.—a white woman, 01 years old, who was first seen at tho clinic Dec. 4, 1042, 
pave as the chief complaint a tumor In the chest of three and one-luUf years ^ duration accom¬ 
panied by exertional dyspnea and sabstemol pain on exertion. Roentponopraphic examination 
of tho thorax revealed nn irrepularly rounded moss, complotoly separated from tho diaphragm 
^ tho right cardiophrenic angle anteriorly with its broad base to the mediastinum and the 





























498 


THE JOURNAL OE THORACIC SURGERY 


suited a physician in Ids home locality and he was referred to the clinic for further investiga¬ 
tion. Eoentgenographic examination of the thorax revealed a rounded mass in the right upper 
part of the anterior mediastinum, slightl}- above the level of the aortic arch (Pig, 4 ). At 
operation, Jan. 3, 1946, a simple cystic tumor was found in the anterior medinstmnm and 
removed. It bulged into the right side of the thorax anteriorly and superiorly and lay 
anterior to the superior vena cava, to which it was adherent. 

Pathologic examination revealed a simple cyst, lined by a single layer of very flattened 
ceUs, resembling endothelium. 

Case 9. —A woman, 56 years old, was first seen at the clinic June 18, 1946, because of 
“tightening of the chest.’’ Eoentgenographic examination revealed a rounded mass at the 
cardiophrenic angle anteriorly, not definitely separated from the anterior wall of the chest 
and the diaphragm. At exploratory' operation July' 25, 1946, a cy'stic tumor, attached to the 
pericardium and the pleura, was found at tlie right cardiophrenic angle and removed. 



Plgr. 3. 


Pig. 3 (Case 7).—Cyst In left part of anterior mediastinum. 

Fig. 4 (Case S).—Cyst In right side of the anterior mediastinum. 


Pathologic examination revealed a simple cyst, measuring 8 by 5 by 
115 c.c. of straw-colored fluid. The cy'st was lined by a single layer 
endothelium. 


5 cm. and contflininp 
of cells, resemhlrag 


- T « 90 1947. Chief 

Case 10, —A white man, 36 years old, was first seen at tlie clinic Jan. , ^ ^jyjjition. 

complaint was a dull pain in the right side of the thorax of two and one-linlf years 
Bronchoscopy revealed no intralironchial tumor. Cytologic study' of the 
malignant ceils. Eoentgenographic examination of the thorax revealed a we opgratiou 

mass located anteriorly in the right base just above the diapliragm. At exp ora tlioms 

March 15, 1947, a cystic tumor was removed from the anterior inferior portion 
(Fig. 5). It was slightly adherent to the diaphragm and to the anterior po 
pericardium. 
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Casr 11.—A nlillo ^onmn, CD \Tnr^ o!«l, wni< first (wvn nt the clinic Aup. 11, 1D47. Chief 
complaint ^vns a chest tumor ^Thich had l>ccn diftcovcml during a county tuijcrcula*iB survey. 
Tlioro \voro no significant sNTtiptoms, Iloeutpen examination of the thorax rorcnlcd a largo 
tumor of the nntcrior mediastinum extending into the left pulmonary field. The tumor which 
T\-as fairly well clrcuniscrll>od jiulsated and moved with respiralloa. On August 18, a c^-stic 
tumor, containing clear fluid, utis rowoTod, It extended from the apex of the thoracic cavity 
on the left to the level of the fourth rib anteriorly, where it was adherent to the pericnnliunu 
Patholopia examination rcwenle<l n cxi*tic tumor, filled with dear fluid, which mensureil 
0 by 7 by 5.0 cm. nnd weigliod 209 prams. The rjut wns Jlnetl \vith a single layer of flatfencil 
cells. 



Flp. 0 (Cnee 10).—O'st removed. 


CAfln 12.—A white man, 49 jenrs old, utis seen for the first time at the clinic Oct. 17, 
1947. Chief complaint was of a chest tumor that had been found on a routine chest survey. 
He Imd had dyspnea on exertion for five years. Koentgcnologic exami nation of the thorax 
revealed n mass In tlio right cnrdiophronic angle. Tlio thorax was explored Oct. 29, 1947, aad 
n pcarshapod cyst was found in the anterior medinstmum. The imse was attached to the 
poricardlum and the i>oInt wnt at the cardiophrenic angle anteriorly. The cyst was removed 
^tliout difficulty. 

Pathologic examination revealed n cyst, 7 by 6.6 by 4 cm., filled with clear fluid. The 
®J^t Was lined by a single layer of flattcncnl cells. Chemical analysis of the fluid from the 
®y*t shouTKl: CO mg. of sugar, 710 mg. of chlorides, and 0.3 Gm. of protein per 100 c.c. 
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DEVELOPIMENT OF THE PERICARDIUJI 

The formation of the body ca-\aties from the mesenchjmie A\all he considered 
generally before certain aspects of the development of the perieardimn. Tlie 
celom arises from splitting of the lateral mesoderm on each side of the body into 
splanchnic and somatic layets. "When the body of the embryo is folded off from 
the extra-embryonic membranes, tJie extra-embryonic and intra-embrj'onic por¬ 
tions of the celom are separated from each other. It is the intra-embrj'onic por¬ 
tion of the primitive celom which gives rise to the body cavities. 



Fig. 0.— a, Parasagittal section of a rabbit embryo 0 days old Fiodlfled f ^ (After 
The ventral parietal recess pockets into the septum transversum are liiusira • ^ni- 

Davls). The ventral surface of a cast of the pericardial celom of a twentj som 
brj'o Illustrating the dlvertlculum-lIke appearance of the ventral rpnresentatlon »! 

Elliott). Transverse section of a ten-somite rabbit, embryo, giving another represeu 
the spatial relationships of the ventral parietal recess. 


The pericardial celom is the most precocious of the body cavities. 


les. It forms 
result of tl'c 


as a horseshoe-shaped cavity about the head of the embryo as a res 
coalescence of the mesenchymial spaces in the- celomic cavities on each si eo 
embryo. This mechanism has had attention brought to it by Lambeit. 
fii-st step in the division of the body cavities comes with the coal^cence 
septum transvemim between the limbs of the omphalomesenteric vei^ 

each side. The anlage of the liver forms on the caudal side of t ns Ria . 
caudal wall of the pericardium on the cephalic side. 
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In hig originnl description of the formation of the pericardium and other 
body cavities, AVilhclm Ilis,*” in 1881, distinguished two pail's of recesses in the 
pericardial cclom, wliich he called “the dorsal and tlic ventral parietal recesses 
of the pericardial celom.” Tlic doisal parietal recesses arc generally known ns 
the “pleuroperitoneal canals’’ and their role in the formation of tlic pleural 
carities is well understood. The ventral parietal recesses have I'cmained obscui'c, 
probably liceause no significance has ever been attached to them and beennse 
they arc not well defined in all embryos. However, their presence was sliomi in 
the rabbit b.v Elliott,” in 1931, and in the human embrj-o by Jlall,” in 1910, 
and by Davis'” in 1923. Davis staled, “Besides the plcuiopcritoncal ojicnings, 
the septum transvorsum possesses a imir of ventral I'ccosscs, described by Strahl 
and Cnrius and sliorni by Jlall in the burnau emlu'j-o 21 mm. in length.” 
Elliott” stated, “IVitli the formation of the septum tiansi-ersiim, the pericardial 
carity communicates candally with the pleuroperitoneal portion of the celom 
by two constricted canals, the iter venosus of Lockivood or the iilcui-operitoneal 
recesses. The pericardial cavity ends candally in four of those rccossc.s, the two 
dorsal and the two ventral pleuroperitoneal rcccs.sc,s—the ventral recesses end 
blindly at the septum transvcrsimi and only the dorsal recesses continue into 
the pleuroperitoneal coelom." Figure 6 a, b, and c should assist in the develop¬ 
ment of a spatial concept of the voutrnl parietal recesses. 

RELATION OF THE VENTRAL PARIETAL RECESS TO OrVERTICUL.! OP TltE 
PERIOARDItIJt AND TO CELOMIC CYSTS OP THE 3IEDTASTINOM 

Wo were impressed by the niunbcr of c.vsts wliich wore located at the 
cardiophrcnic angle or were connected to it by a pedicle and were struck b.v the 
similarity of the structure of the mcsothelial-lincd cj-sts of the mediastinum 
to that of diverticula of the pericardium in cases in which there was no 
significant pulmonarr- or cardiovascular disease. The ease of Jlazer,” in which 
the lesion was thought even at c.vploration to lie a cyst until it was demonstrated 
that fluid eould Ijc e.Ypressed Iictivoen it and the iiericardiiim suggested strongly 
that these lesions wore related. Since the Ic.sion in so many of the reported 
eases had a definite relationship to the pericardium at the cardiophrcnic angle, 
it seemed possible that some mechanism other than that proposed by Lambert 
might be found to account for these lesions. 

’The discovery that a diverticulum-likc structure occurred during develop¬ 
ment of the pericardium at the site where so many of theso lesions wore foimd 
led to specidation ns to their possible relationship. AVith this in mind. Table 
n was comstmeted to show the several possible states in which a ventral parietal 
recess might be expected to persist and pairing these states -with the several 
states of reported porieardial-celomic cysts and diverticula of the pericardium: 
The conclusion is difflcult to escape that the relationship of the various cysts 
and diverticula of the pericardium to the several states of persistence of the 
ventral parietal recess is more than fortuitous. It seems reasonable to con¬ 
clude that persistence of the ventral parietal recess may be considered ns a 
mechanism which could account for the formation of pericardial-celomic cysts 
and certain diverticula of the pericardium. 
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Table II. Lesions Which Mat Result When Ventral Parietal Recess Persists 


EMBRYONIC CONDITION 

LESION RESULTANT 

The Tentral parietal recess persists 

Intact 

Diverticulum of pericardium Avith ivide base 

Proximal portion is constricted 

Diverticulum of pericardium irith narrow 
base 

Proximal portion is completely constricted 

Cysts with pedicle which extends to peri¬ 
cardium 

Is completely pinched off 

Cj'sts in the cardiophrenic angle 

Is completely pinched off and left cephalad 
as the septum transversum moves 
caudaUy 

Mesothelinl-lined cysts found higher in the 
mediastinum than the cardiophrenic angle 


This concept is not completely at variance with the “pulsion diver- 
tieuluni” theory of Rokitansky.- It differs in that it requires the persistence 
of a definite embryonic stnicture rather than the pinching off of a hypo¬ 
thetical hernia through a hypothetical weak spot in the pericardium. It has 
the advantages of not requiring the postulation of a change in the hydro¬ 
dynamics of the heart and pericardium. 

The several other possibilities of cyst formation in the development of the 
pericardium and pleura may be ignored because the relationship of these 
lesions to the development of the pericardium, as pointed out by Lambert,’’ 
is so definite. 

PATHOLOGIC ANATO:\IY 


Celomic cysts of the mediastinum are cysts which are composed of fibrom 
connective tissue, lined by a single layer of flat cells similar to serosal an 
endothelial cells and which contain clear yellow fluid. 

These cysts are found in the anterior mediastinum, u.sually at one of t e 
cardiophrenic angles. Of the 29 cysts studied (literature and our ovm) li were 
at the cardiophi'enie angles and 7 were connected to the pericardium by peto es 
from the cardiophrenic angle. Five c.vsts were either in the anterioi m las 
tinum at the level higher than the cardiophrenic angles or arose in the 
mediastinum and extended into the superior mediastinum. Of the 26 cjsts or 
which this information is available, 17 were found on the right side and were 
found on the left. ,, 

The content of these cysts has been described as resembling ‘ ‘ spring v ater 
from its translucency and clarity. The contents of several of tlie cysts ^ ^ ^ 
series were analy^zed chemically. The content of protein varied from 0.1 to 
Gm. per 100 c.c., of chlorides from 693 to 710 mg. per 100 c.c., and of fats 
0 to 10 mg. per 100 c.c. The findings of low proteins, high chlorides, low sii„^^. 
and low content to absence of fat are characteristics of transudates genei 
rather than of exudates or of lymph, according to the criteria of an a 
and Trumper.^^ 

None of these tumora has been found to be malignant. 


CLINICAL FEATURES _ 

The salient point in aU of the histories of the surgical cas^ 
the lesions have been removed at exploration for a circumscribed m la 
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Jcsioii. A striking fentnrc of the clinicnl histories is that in 15 of the 23 cases 
for which tlie information is available, the )inticnt had no complaint other 
than the discovery of a tumor during routine roentgenologic examination of 
the thorax. Six of the patients oomplained of epigastiic or preeorilial pain 
and 2 comi)lained of tacliyeardia. It is npjiarent that no sjmiptoni complex can 
be ascribed to the prascncc of these tnmoi's. 

In no case was the lesion .suspected ns the result of general physical exam¬ 
ination. 

Rocntgenographic Aspcctn. —In 15 of the 25 eases in which information on 
ibo rocntgcnograpbic aspects was available the diagnosis of a mediastinal lesion 
was made as a residt of routine loentgenologie examination of the thorax. 

Of the lesions for which reports of the roentgenologic examination were 
available, 18 were on the right side and 7 were on the left. Of the lesions on 
the right side, 14 (78 per cent) wore situated in the region of the eardiophrenie 
angle and of the lesions on the left side, 3 (42 per cent) were at the cardio- 
phienic angle. In 17 cases (G8 per cent) of the 25 the lesions were located at the 
eardiophrenie angles. 

Lesions in the eardiophrenie angles prc.sentcd a fairly eharacteristie appear¬ 
ance. They were well dcmareatcsl, ronndetl or elliptical in form, and homo¬ 
geneous in density. The lesions followe<l no rule in separation from the 
anterior chest wall or from the din])bragni. 

Differential Diagnoitis. —In no instance has a definite diagnosis of peri- 
cardial-colomie cyst or diverticulum of pcrieartlium been made before operation. 
Tho render is rcforretl to the olassifientions of Ilencr and Audm-s” and of Brad¬ 
ford, Jlalion, and Grow” for comprehensive review of lesions to l)c considered 
in the dilTcrcntinl diagnosis of lesions of the metliastinum. 

In 2 of the cases in this scries, the possibility of a diaphragmatic hernia of 
the foramen Jlorgagni tj-po was considered. lna.smnch ns the lesions are at the 
same site, and may have a similar cause, confusion seems inemtable. 

Diagnosis and Treatment.- —Tho exact diagnosis of ])ericnrdial-oelomic cyst 
or pericardial divertieulum has been made at thoracotomy in the recent cases 
and at post-mortem examination in the earlier cases. No operative deaths 
have been reported, and there is no published record of significant postopera¬ 
tive morbidity'. 

SUAIJIARV 

A collective reWew of tho literature was made for cases of cysts of the 
mediastinum, filled with a clear fluid and lined by mcsothelium and of diver- 
ticnla of the pericardium in persons W'ho did not have any' associated systemic 
disease which could reasonably have been supposed to have caused these ab¬ 
normalities. Twelve new cases of pcricardial-cclomie cysts found in the files of 
the Mayxi Clinic were reported. 

Tho development of the pericaidial eclom has been reviewed and emphasis 
placed on tho role that persistence of tho ventral parietal recess of tho pericai-dial 
eelom may play in the development of these cysts and tliverticula. 
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It has been pointed out that diverticula of the pericardium and celomic 
cysts of the niediastiuiun may represent stages in the same developmental process 
and that they may be considered in tliis light rather than as separate clinical 
and pathologic entities. 

It is suggested that the exact diagnosis of these cysts and diverticnla will 
continue to be made at surgical exploration since there are no definite diagnostic 
criteria. 
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STUDIES A\UTn AETERIOVENOUS FISTULAS 
I. Response op tue Norjially Innervated and Denervated Heart to 
Occlusion op the Fistula 

Harris B. Shujiacker, Jr., 3I.D., L. W. Freeman, M.D., PiiD. (by invitation) 
AND Leo R. R.vdiqan, It.D. (by inittation) 

Indianapolis, Inti. 

T hough the meilicnl profession was slow in becoming aware of the remote 
effects of arteriovenous fistulas upon tlic circulatorj- apparatus in general 
and of tlio possible liarmfiil effects upon the licart in particular, once interest 
was aroused the circulatorj’ d.vnamics in this condition wore studied intensively 
both in experimental animals and in man. In spite of the important contribn- 
tions which have been made, however, certain important facets of the problem 
remain obscure. In a study of patients with arteriovenous fistulas carried out 
during the last war Elkin and ‘Warren* were able to make certain physio¬ 
logic observations, including ballistocardiographic cstimatioDS of cardiac out¬ 
put. It was a striking fact tliat not only was the response of pulse rate and 
blood pressure almost instantaneous but tlio reduction in cardiac output simi¬ 
larly began immediately upon compression of the fistula. Because of tho 
startling rapidity with which reduction in stroke volume occurred and the lack 
of alteration in right atrial pressure, Elkin and 'Warren reached the conclusion 
that “it appears to be a nervous reflex related to tho sudden change in resist¬ 
ance against which tho heart must pump.” 

The present communication deals with efforts to determine whether sympa¬ 
thetic denervation or both sympathetic and vagal denervation of the heart alters 
the response to digital occlusion of an arteriovenous fistula. It was hoped that 
this study would throw some additional light upon the mechanism of this 
response. It was also realized that any information which might clarify the 
circulatorj’ dj’uamics associated with arteriovenous fistulas might promote a 
better imderstanding of tho function of the heart and circulatory sj’stem in 
^**^ 1 and tho influence of various stresses and strains. 

^'rom the Department of Surffery, Indiana Unlvoralty School of Medicine. 

Supported by contract with the Offleo of Naval Reacarch, the United States Navy. 

before the Thirtieth Annaal Meeting of The American AaaocIaOon for Thoracic 
omgory. Denver, Colo., April 16-18, 1860. 
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In Table I are briefly summarirod the rosalta of the study. In 10 anijualB the cardioc 
oatpat vraa delonnincd before creation of a flstula. Tho length of the fistula as measured 
at post-mortem examination ranged from 1.1 to 5.0 cm.; unfortunately the records of the 
length of tho fistula in 2 dogs wore lost. Listed also are the time inter\-nls between the 
creation of the fistula and tho subsequent procedures of measurement of cardiac output, 
sympathetic dcnerrallon, determinations of cardiac output after s>Tnpathcctomy, and the 
final determinations after interruption of tho rngosympathetic trunks. It will bo noted 
that approximately one*half of the studies were completed within 2^ months after pro¬ 
duction of the fistula, while tho other ono-hnlf were delayed 7 to S months, Tho response 
of the cardiac output to occlusion of the fistula was listed ns good in tliose cases in whicli 
a significant decrease occurred. The response was listed ns poor when cither a slight de¬ 
crease or a frank increase in cardiac output occurred and as varied when the results of 
duplicate or triplicate determinations were conflicting. Tho instantaneous changes in blood 
pressure following occlusion of the fistula ore also tabulated. It will be noted that in 2 
animals exhibiting no rise In blcwd pressure upon digital compression and in which the 


NORMAL COKTIIOIS 


ANIMALS WITH AiniRlOVINOUS HSTULA 


KOUUUy WNEBVATCO HEART (WBaimnilM nnUIT [1001^ 




Fic. i—Value* of cardiac output In normal Ooc*. In doc* with an arteriovenous fistula, and In 
such animals after sympathetic and total extrinsic cardiac denervation, 

iMpooM, Ot corflnc output wero inoro or 1cm nt vnriauco with the majority of observu- 
tloni, tho proximal artery and vein of tho llatula were found to bo oocloded at the time 
of post-mortem examination thoueh the flstulaa were patent. The record of the condition 
of the flctula at the time tho animal waa aacrlflced was unfortunately lost in a third in- 
•tance in which there was no rise in blood preasnro and in which the cardiac ontpnt rose 
slightly upon compreflsion of the flatuln on ono occaaion. In 3 doga (Ho. 1, 2, and fl) aeveral 
blood volume determlnationa were made before and after the flatula waa created. In dog 
namher I -ralnea beforehand were 124 and 131 me. per kilogram of body weight. Two 
montha after the liatnia waa made tho blood volume waa 140 and 2 montba later waa 175. 
In the eaae of dog number 2 the proopemtlve blood volume waa 101 me. per kDogram and 
4 montha after the fiatnln waa made it was 125. Tho preoperative values were 105 and 110 
Ih dog number 6 while 2 months after the fiatnln was produced tho blood volume was 135 
'■a per kilogram. 

In Hg. 2 are charted the values for cardiac output in normal doga and in dogs follow- 
lug the production of an nrtcriovenona flatuln and the snbaequent opemtiona for denervnt- 
the heat. There were 22 apparently vnlid determlnationa of cardiac output in 17 
normal doga la 10 of which studies were auhsequentiy made after the prodaction of a fistula 
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and after cardiac denervation. These 22 determinations, when expressed in cubic centi¬ 
meters per minute per kilogram of body weight, ranged from 103 to 287 and avenged W. 
In three fourths of them the values ranged from 150 to 230 and also averaged 189. In U 
dogs, in which fistulas had been established from 7 days to 3 months, 29 determinations of 
cardiac output gave values ranging between 168 and 495 c.c. per minute per kilogram of 
body weight, the average being 283. Onl}’- four of these estimations were below 210. 
Sixteen determinations of cardiac output were made from one week to 8 months after the 
production of the fistula in 9 animals in w'hich sympathetic denervation had been carried 
out. These values ranged from 200 to 484 c.c. per minute por kilogram of body weight and 
averaged 302; only 2 were below 220. In the last group of 13 dogs with fistulas ranging 
in age from one week to 9 months and in which tho vagal and sympathetic fibers to the 
heart had been interrupted, 22 determinations of cardiac output gave values varying from 
147 to 320 and averaging 223; 5 were below 200. 



Fig. 3,—Altejutlons of cardiac output upon complete digital denervated 

-Btula In dogs with normally Innervated, sympathetically denervated. and lO y 
learts. 


The alterations in cardiac output upon occlusion of tlio fistula are illustrate 
3; they are expressed in per cent change from the value determined immediatel) ® 
after occlusion. Thirty determinations of the response of cardiac output were ma 
13 dogs with normall}^ innervated hearts. In 77 per cent a decrease occurred, t 6^ 
reduction in cardiac output being 28 per cent. Following sympathetic 
heart, occlusion of the fistula caused a decrease in 79 per cent of the tests, 
reduction in cardiac output was again 28 per cent. When the vagosympathetic 
sectioned and the fistula w'as occluded a decrease in cardiac output occurred Table I 

number of studies (74 per cent), the average decrease being 18.5 per cent. ^ fistuk 
it will be observed that a decrease in cardiac output upon digital compression ° 
occurred in 8 of 13 animals with normally innervated hearts (61.5 per cent), or 

sponse was variable in one additional dog, making a decrease in output an 
occasional occurrence in 9 of the 13 (69 per cent). If those animals are decrease i" 

a significant rise in blood pressure did not occur upon occlusion of the gyjfipflthetic 

cardiac output was noted in 8 of 11 (73 per cent). In those dogs in w c of 

denervation had been performed a decrease in cardiac output tin® 

the fistula in 7 of 10 (70 per cent) while one additional animal respon e^ nnunsl* 

a decrease occurred invariably or on occasion in 8 of 10 (80 per cen compr®*®’*’® 

are excluded in which a significant rise in blood pressure was not note up 
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of the a decrease In cardiac output ttob obtor^’ed in 7 of the S animals (S8 per cent). 

8och a response occurred on one but not both teala in the eighth dog studied. Following 
complete donorvTition of the heart a decrease in cnrdinc output upon occlusion of the ilstula 
w^s obHer\’ed in 0 of 14 animals (04 per cent) and a decrcaiw was noted on occasions in 2 
addltionnl dogs; thus such a response occurred at times in II of the animals (78 per cent). 
If those dogs arc oxcludcd in which a signifleant rise in blood pressure was not observed 
during occlusion of the Ostula, 7 of 11 animals exhibited a decrease in cardiac output (64 
per cent) and a decrease occurred In one but not both tests performed upon another. Hence 
a decrease was noted invariably or on occasion in 8 to the 11 (73 per cent). 



B MVIOO 152/74 



FIf, Optfcatly recorded Hamfllon manometer measuronjonU of Uio chanffO in blood 
preasure (A) upon occlusion and (U) upon relooso of prc'suro from the arteriovenous fistula In 
doc t. Tho blood nreasure rose from 1S3/68 to 1-18/100 with occlusion and upon release fell 
to 122/7-1. Tho pulse mto remained constnnt at 9« por mlnuie. The period of occlusion Is 
Indicated by tho hes\T line. The record Is actually a continuous one. At the time the study 
was made the complete extrinsic ncn*o supply to the heart had been Intenrupted. 



Fl^. 5.—Electromanometric rocordinff of altoroUons of blood pressure (A) upon occloslon 
upon release of compression of arteriovenous fistula In doff 16. The blood pressure 
from 122/87 to 170/100 upon occlusion, leveled off a few seconds later at 156/100, and 
‘Pto rose •Jlghtly to-160/105. Upon release of coronresaJon the blood pressure fell to 95/60 
quickly le^•eled off at 112/62. The pulse remained constant at 100. The period of occlusion 
« indicated by the heavy black line. The record Is actually a continuous one. At the time 
study wts made tho total extrinsic nerve supply to the heart had been Interrupted. 
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Three and one-half months after the fistula was made, in the case of dog number 2 
cardiac output was determined before and after digital occlusion of the fistula and then 
after exposure and precise ligation of the proximal vein. The output decreased from 4,400 
c.c. per minute beforehand to 2,280 c.c. during digital occlusion. It was reduced to a com¬ 
parable degree immediately after ligation of the proximal vein (2,660 c.c. per minute) even 
though there were present large venous collateral vessels and a strong continuous thrill 
persisted. Two months later the cardiac output had risen to the neighborhood of 5 liters 
per minute and digital occlusion brought about a striking reduction in output. 



Fig. 6.—Values of systolic 
arteriovenous fistula and In dogs 
denervation. 


and diastolic blood pressure before and during Mclurfcm^nn 
■with normal cardiac Innervation and In,dogs with total cam 


There was a prompt rise in blood pressure upon occlusion of the fistula in 14 of 
17 animals studied and in 12 of them the elevation in pressure was marked. It is of some 
interest that of the 3 animals which did not exhibit this characteristic change in hloo 
sure, in 2 the proximal artery and vein connected with the fistula were observe 
thrombosed, even though the fistula was patent when examined after the 
sacrificed, while our notes concerning the condition of the fistula at post-mortem ex 
tion were lost in the third instauce. A rise in both systolic and diastolic 
noted. The change in blood pressure was repeatedly observed to occur wit 
first beat of the heart after the fistula was compressed (Figs. 4 and 5). The pea 
elevation in blood pressure always occurred within 3 seconds after which it jl,e 

off, reaching in approximately 20 seconds a plateau which remained considera 
level observed before occlusion of the fistula (Fig. 4). In these figures is a so 
the rapid reversal which takes place upon release of pressure from the fistwa. 
type of change in blood pressure occurred regardless of whether the normal gr. 

the heart was left undisturbed, whether its sympathetic fibers had been 
whether it had been totally denervated. In Fig. 6 are charted an3 

in blood pressure upon occlusion of the fistula in animals with normally j^g 

totally denervated hearts. It can be seen that these changes are compara 0 i 
groups not only qualitatively but also quantitatively. 


DISCUSSION 

The studies reported would indicate that the characteristic decrMse ^ , 
diac output and elevation of blood pressure upon digital occlusion a ^g]]y 
eral arteriovenous fistula take place regardless of whether the heart is n 
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innervated, deprived of its sympathetic innervation, or totally donervnted. The 
bradycardiao reaction obscn'cd in man docs not oconr in the dog asleep with 
pentobarbital. It is recognized that the method for estimation of cardiac output 
employed, though reasonably accurate, is nevertheless subject to some experi¬ 
mental error and that maintcnanco of the same basal status for all studies is 
difficult to achieve. It would be interesting to repeat these studies using another 
method for estimating eardiac output, for example, ballistocardiography. There 
can be no question about the accuracy of the blood pressure observations. Al¬ 
together, it would appear emdent that the obscivations recorded constitute over¬ 
whelming evidence that the response of cardiac output and blood pressure follow 
the same pattern irrespective of the preservation or interruption of the extrinsic 
innervation of the heart. 

We have assumed that removal of the sympathetic chain from above the 
caudal cervical ganglion doum to below the fifth or sixth thoracic ganglion effec¬ 
tively interrupts all the sympathetic fibers to and from the heart. On gross 
examination wo have not demonstrated any sjunpathetie fibers passing to the 
heart from 'any other portion of the sjunpathotic chain. Certainly this con¬ 
clusion might bo reached in man from the persistent bradycardia which follows 
extirpation of the clmin from above the atcUato ganglion to below the fourth or 
fifth thoracic ganglion, as well ns from the relief of anginal pain when the same 
portion of the chain is removed. The interruption of vagal fibers in our studies 
was obviously complete. We have, of course, used the word total denervation 
in reference to the e.xtrinsic nerve supply of the heart only. 

Explanation of the prompt and dramatic decrease in output of the dener- 
vated heart upon occlusion of an arteriovenous fistula can be adequately ac¬ 
counted for according to the law propounded by Starling for control of the out¬ 
put of the heart. From studies of heart-lung preparations, ho observed that the 
output of the heart was dependent solely upon the volume of input and was 
independent of the blood pressure against which the left ventricle must empty 
its load. His conclusion that the output was related to the input and more 
specifically to the degree of stretching of ventrioular fibers has withstood the 
test of time. In the case of our experiments with complete extrinsic denerva¬ 
tion of the heart of otherwise intact animals, the sequence of events can be ex¬ 
plained as follows: The sudden occlusion of the fistula interrupts the immediate 
return to the heart of that relatively large volume of blood which has previously 
been returned directly from the fistula through the proximal vein. Thus, with 
the very next diastole of the heart, a reduced volume of blood enters the right 
atrium and subsequently the right ventricle. With the reduced input, the ven¬ 
trioular fibers are not stretched to the point which characterired the previous 
diastole and consequently a reduced volume is ejected with systole. Though the 
previous volume may still have passed into the left ventriole and been ejected 
from it with this first stroke, in the succeeding diastole the reduction is at play 
in left atrial and left ventricular input and the output necessarily becomes 
equal to the output from the right side. The reduced cardiac output continues 
to maintain a comparative reduction in filling and emptying of the heart Some 
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idea of the significant reduction in the volume of blood returned to the heart 
immediately upon digital occlusion of an arteriovenous fistula is evident from 
other studies concerned -with rotametric determination of the volume flow of 
blood through the proximal vein under various circumstances.® Blood flow 
values through the proximal vein have varied from 15 to approximately 75 c.c. 
per minute per kilogram of body weight, the average being in the neighborhood 
of from 30 to 35 c.c. per minute per kilogram. This flow is reduced to zero when 
the fistula is occluded digitally. It should be pointed out that the fistulas in 
this group were smaller than those in the animals used in the present study. 
It will be recalled that the values for total cardiac output in oiu animals with 
open arteriovenous fistulas averaged from a low of 223 c.c. per minute per kilo¬ 
gram in one gi’oup to a high of 302 c.c. per minute per kilogram in another. 
Piu’thermore, in at least one instance ligation of the proximal vein alone effected 
an immediate reduction in cardiac output of comparable degi’ee to that brought 
about by digital occlusion of the fistula. 

Other studies which we have carried out have not demonstrated any ele¬ 
vation above the normal range of right atrial pressure in dogs with .open arterio¬ 
venous fistulas. Though the pressure in the femoral vein opposite the fistula is 
as high as arterial pressure, tlie pressure gradient rapidly falls and pressures 
are normal in the distal portion of the inferior vena cava. Moreover we have 
not demonstrated any significant alteration in right atrial pressure upon digital 
occlusion of the fistula. 


The cardiac outputs in animals with open fistulas and complete interrup¬ 
tion of the extrinsic cardiac nerve supply were not as high as in those with 
intact cardiac innervation or in those with sjonpathetically deneivated hearts. 
Explanation of this difference is not clear and fui’ther study of the problem is 
contemplated. 


The elevation in blood pressure with occlusion of the fistula and its decrease 
with release of compression of the fistida may possibly^ be the result of the mter 
play of a number of factors, but it can be explained satisfactorily solely upon 
the sudden alteration in peripheral resistance. It is an interesting fact a 
the sudden occlusion of an arteriovenous fistula not only brings about a ^ 
crease in cardiac output but also an elevation in blood pressure. Tlim mea 
that the work done by the heart during tlie period immediately following co^^ 
pression of the fistula is not lowered in a degree comparable to the re uc 
in cardiac output. It is well known, however, that with passage of 
obliteration of a fistula the elevated blood pressure drops to a lower eve 
with this change would occur a diminution in the work load of the hear 
The demonstration that the characteristic response of cardiac 
blood pressure to the opening and closing of a peripheral 
is essentially the same, regardless of the presence or absence of extrinsic^ 
innervation would lead one to believe that the response of the hear 

•When the cardiac outputs In animals with open fistulas ^e with 

those of normal dogs, the T score Is found to be highly slBnJflcant , jglnltely 
cardiac ner\’^e8, in that with sjTnpathetIcally denervatea npnt of i ^ 

In that with totally denervated hearts. Yet In approximately 75 per fistula^ 

3 groups a decrease In cardiac output occurred upon digital compresaiu 
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changing stresses may also bo more dependent upon mechanical factors than 
upon extrinsic nen-oiLs regulation. AVo have l)ccn impressed -witli the impor¬ 
tance of initiating other experiments designed to elucidate this and related 
problems. 

SUJIIIARY AND CONCLUSIONS 

1. Studies arc reported demonstrating that the clmraetcristic decrease in 
cardiac output and increase in blood pressure upon digital occlusion of an 
arteriovenous tistula take place in dogs with sjunpathetically dcneiwatcd hearts 
and in dogs with total interruption of their extrinsic cardiac nen’cs as well as 
in animals with normally innervated hearts. 

2. The change in cardiac output upon opening or closing an arteriovenous 
fistula Ls explained according to Starling's law upon alteration in tlie volume 
input and consequent ditTercnccs in the stretching of the ventricular muscle 
fibers. The change in blood pressure would appear to bo explainable upon 
the alterations in peripheral resLstancc. 

Tho authors Arieh to express their appreciation to Dr. X. N. Stahl and Dr. E* E. 
Wayiron for their help with tho initial studies performed. 
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EXPERIENCES WITH THE EXPERIMENTAL SURGICAL RELIEF 

OP AORTIC STENOSIS 

A Preliminary Report 

Charles P. Bailey, M.D., Robert P. Glover, MJD., 

(by invitation) Thomas J. E. O'Neill, MH., and’ 

(by invitation) Hector P. Redondo Ramirez, M.D. 

Philadelphia, Pa. 

'"T^HE therapeutic problems posed by the presence of chronic vahnilar disease 
1 of the heart have alternately stimulated and baffled the combined ingenuity 
and daring of both physician and surgeon for many years. The possibility of 
a diieet surgical approach has been particularly intriguing to the surgeon, 
especially when the valve has become stenotic in character. As stenosis is 
essentially a mechanical stricture, its relief must logically be sought by mechani¬ 
cal (surgical) means. Undoubtedly struck by a similar conclusion, Tuffier,’ 
in 1914, successfully attempted surgical relief of a stenotic aortic valve. The 
patient was a young man who had sliowi signs of a marked and progressive 
aortic stenosis. The thorax was opened and the root of the aorta exposed. It 
was the operator's intention to inseH a knife above the aortic ring and to incise 
the stenosed valve, but the procedure was changed to a dilatation of the aortic 
valve by invaginating the wall of the aorta just above the valve and pnsliing its 
wall into the stenosis on the forefinger. As late as 1924, this patient was reported 
living and improved. To date no other definitive surgeiy upon the human aortic 
valve has been reported. 

Emboldened by a reasonable measure of success with the surgical allegation 
of mitral stenosis, it was natural that .attention should be turned toward its 
counterpart in the aortic valve. Our interest in this phase of valvular surgery 
was initiated by the enthusiasm and efforts of the late Horace Smitliy, wh(^ 
untimely death resulted from the rapid devastation of the disease under dis¬ 
cussion. It became apparent at once that the lessons learned and the appi'oacbes 
employed in the development of mitral surgery could not be transposed in toto 
to the aortic valve because of the latter’s variation in anatomic stnicture an 
relationships to vital coronary pathways. Nevertheless, certain broad patten^ 
for investigation suggested themselves as a result of experiences encountered 
in this earlier experimental and clinical phase of valvular surgery. 

pathologic and physiologic considerations 
The pathology of aortic stenosis is varied and complex. It appears tliat tli 
primary defect in the rheumatic tjTpe is an early fusion of tiie valve 
margins. The free edges of the valve cusps are thickpned, rolled, and ebnma 

Prom the thoracic surgical services of Episcopal Hospital and Hahnemann Hospital, 
the Thoracic Surgical Research Laboratories at Hahnemann Medical College. iTboracIo 

Read before the Thirtieth Annual Meeting of The American Association for 
Surgery, Denver, Colo., April 15-18, 1950. 
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They may actually contain calcium but even in its absence are extremely hard 
and tough. The valve leaflets themselves varj' greatly but are invariably 
thickened and in most Hxcd specimens appear rigid and unyielding. In ex¬ 
treme cases the entire aortic valve may bo considered as a rigid orifice sur¬ 
rounded by a ealeificd plaque hn\-ing lost all semblance of its original tricuspid 
nature. Tlie fresh specimen, hoivcver, frequently reveals a considerable amoimt 
of flexibility of the cusps themselves, especially near their attachments to the 
aortic wall. In this respect the pathology resembles that found in the average 
case of mitral stenosis (Pigs. 1 and 2). 

Stenosis of the valve thus deseribed docs not seem actually to involve the 
aortic ivaU itself. Bell’ has pointed out that intimal atherosclerotic changes of 
the ascending aorta are invariably absent in these cases. He feels that the so- 
called degenerative aortic stenosis is actually only a late form of the initial 
rheumatic lesion in which calcium deposition plays a prominent role. He has 
demonstrated in a large autopsy series numerous transition stages between un¬ 
doubted rheumatic and calcific stenosis. Associated mitral disease, myocardial 
Ascholf bodies, and other rheumatic stigmas are practically the rule in carefully 
investigated cases of “degenerative” aortic stenosis. Thus available evidence 
supports the rheumatic origin of nearly all cases of this disease. Even in clear- 
cut rheumatic cases calcification is common. It may merely thicken and indurate 
the valve edges and the cusps themselves, or it may extend doivn one or more 
commissures (fused valve edges) into the immediately adjacent aortic wall 
In some eases it then o.xtcnds ns a long stalagmite of limc.stone nearly free in 
the aortic lumen except for its lateral attachment The orifices of the coronary 
arteries are located approximately one centimeter above the two anterior valve 
cusps. Barely, if ever, do tlioy become involved or distorted by the disease 
process originating within the valve (Pigs. 3 and 4). 

The disturbed physiology in extreme aortic stenosis is apparently due to 
the slow ejection of a relatively small amount of blood with each contraction of 
the left ventricle. As a result the sj'stolic blood pressure docs not reach high 
levels but is sustained and maintained longer than is usual. Diastohe pressures 
likewise are relatively high, so that the pulse pressure differential is small. 
Coronarj- flow is probably reduced more by the diminished volume of blood in 
the aorta than it is by either pressure changes or intrinsic disease in the coronary 
system itself. Naturally, the coronary vascular needs of the left ventricle are 
increased by virtue of the large bulk of musculature contracting partly iso- 
metrically against the aortic obstruction. This extra work load increases the 
relative inadequacy of the coronary flow and thus probably explains the 
anginoid” or “coronary” type of pain so often seen in these coses. 

Patients with uncomplicated aortic stenosis are not dyspneic unless con¬ 
gestive failure has supervened. They become progressively disabled as their 
*^nrdiae stroke output diminishes with increasing stenosis. Eventually even the 
sbghtest exertion produces dizziness and fainting. Persistence in exertional 
efforts leads to greater discrepancy between supply and demand, both sys- 
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tcmically and ivith regard to eoronar>' flow. In all probability this may e.xplain 
the relative frequency of .sudden death which so often follows rather moderate 
effort in cases witli this t.vpc of lesion. 



Fig. 3.—Trpicnl and ba*lc pathologj' of nortic fftenoela. 



Pig. 4.—Extreme anatomic dletortJon of aortic valve by flbroali and calcification. E\'en hero 
conalderable flexibility la aaually obaerved In tho freab Bpoclmen. 
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EXPERIMENTAL CONSIDERATIONS 


The approach to the problems of stenotic valvular disease in the experi¬ 
mental laboratory is fraught -with many difficulties. The experimental animal 
does not have valvular stenosis, nor can a reasonable facsimile of the hnman 
pathologic picture be produced by methods yet devised. Therefore, animal 
experimentation cannot foUow the usual accepted form, but resolves itself into 
methods of smgical technique designed either to approach the valve itself or 
to by-pass it by involved methods of vascular anastomoses. Study of hnman 
heart specimens obtained at autopsy is likewise unsatisfactory because they 
usually represent extreme states of disease—a distortion of the conditions which 
may exist at the time when surgery could reasonably be contemplated. Further, 
because fixation of the tissues has destroyed certain important functional com¬ 
ponents such as mobility, bizarre conclusions are drawn. 

The first reaction of the authors following a study of preserved specimens 
of aortic stenosis was that only an entirely new valve could offer a reasonable 
solution. The obvious conclusion to such an obsemmtion lay in three directions: 
(1) the insertion of a mechanical valve or (2) the replacement or (3) by¬ 
passing of the damaged valve by a section of transplanted aorta contaming 
normal valves. 

1. It is possible that plastic valves may eventually be developed for the 
replacement of normal aortic valxnilar function. Such a valve has been em¬ 
ployed experimentally by Hufnagel® and Campbell.'* ‘Whether this valve or 
others embodying the same principle will be satisfactory is open to question. 
They are inserted into the aorta beyond the coronary ostia, thus violating the 
normal relationship between valve and coronary. Normally, with a competent ^ 
valve, coronary flow is maintained by the head of pressure withia the aorta 
during ventricular diastole. The physiologic effects of this reversal of position,, 
will require intensive study, but would seem to be a serious objection to thh 
type of approach. / . 

We have had no experience with prosthetic valves. Our initial expen 
mental attempts, however, employed a somewhat similar principle usmg o- 
mologous body tissues. The concept was to excise a portion of stenotic v ^ 
and replace valve action by an inverted vein graft similar to the technique us 


by Murray® in mitral valve surgery. , 

Using mongrel dogs, the external jugular vein was removed and ti^^^ 
inside out to present an endothelial surface to the blood stream. A segmen ^ 
tendon was then passed through the inverted vein to lend 
specially prepared cork borer was then passed through both aortic wa n 
root at the myocardium. The prepared vein graft was drawn t 
lumen of the borer, which was then wdthdrawn, leaving the graft ra 
the aorta. Purse-string sutures in the aortic wall prevented bleeding a ^ 
openings. However, the great depth of the aortic valve within e 
stance required such a long graft loop that efficient valvular ^je 

diastolic tamponade was not obtained. Attempts to insert the gra 
myocardial portion of the aorta failed because of the proximity o 


vessels (Figs. 5, 6, and 7). 
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2. Direct valve grafts using small segments of aorta and pulraonarj' artery 
Tvith their contained valves met with a similar fate, primarily from massive 
hemorrhage. One animal sunivod the procedure and the valve graft became 
intimately attaclied to tlie aortic ring. However, tlio valve did not function be- 



PJff. 5.—PoiMjrc of cork borer through both aortic walls. 



Fig. 0.—Passage of InvorteU vein graft through coric borer. 


cause of distortion of its eusps. Tho great dangers associated -with these ma¬ 
neuvers led us to discard, at least tcrapororily, this idea of direct valve trans¬ 
plantation. 

3. A- Methods of by-passing the aortic valve using free grafts of aorta 
Were then. explored, utiliidng two metliods of approach to the left ventricle. 
Mist the aortic valve, aortic arch, and descending thoracic aorta were removed 
en masse from sacrificed dogs. All tributary vessels along the course of the 
aortas so obtained were ligated. The aorta was then divided into two separate 
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grafts by severing its continnity just below the left bracheocephalic arter)'. 
The distal end of the valve-bearing graft was then anastomosed by end-to-side 
technique to the descending aorta using the Potts-Smith aortic clamp method. 
After release of the aortic clamp the grafts became distended with hlood and 
pulsated. The three transparent valve cusps approximate perfectly and re¬ 
strain blood flow without leakage. The other graft segment from the descend¬ 
ing aoida was then anastomosed end-to-end to the valve-bearing end of the 
pulsating graft, thereby obtaining additional length toward the left ventricle. 




systole 

Fig. 7.—^Jlovement of vein graft. 


diastole 

Tamponade of valvular defect during diastole. 


A site for inseidion of the free end into the left ventriciflar 
selected at a point away from the coronary vessels, mitral valve, an i ^jji-oiigh 
system. The free end of the graft was inserted into the left ven ric 
a stab woimd using four sflk sutures fastened to the ° through 

These sutures were passed from within the ventricular lumen ou gQ^^joiled 
the cardiac wall. Hemorrhage between graft and myocar um w^^ ^gg^ed. 
by purse-string suture in the myocardium and interrupted sutures 

This technique was attended by an excessive operatnm inclosiou 

hemorrhage, ventricular Abidllation, and mitral insufficiency ue ° ^^g p^j-se 
of chordae tendineae in the sutures. In addition, essentia 
stringing in the myocardium may partially or completely occ u ^gclmique, 
the graft within the left ventricle. Of eight dogs suboecte o 

only one survived more than a few days. ^ mewhat long®i^ 

B. An improvement in the technique consisted in using ^ go^d 

portion of the descending aorta for the graft. This portion o 
then be passed through a cylinder of Polythene of ^gg gnd of the 

enough to extend completely through the ventricular wa . , , j^gi^alized ca® 

graft was then drawn back over the Polythene to form an 
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completely over the tube. Beeausc of tho rigidity of this portion of the 
prepared graft, it vas easj' to insert into tlio ventricular lumen, and more 
adequately to control bleeding by simple tightening of tho myocardial purse 
string. Simple suturing of cpicardium and graft was sufheiont to securely hold 
it in place (Figs. 8, 9, and 10). 



ris. R.—PreparaUon of double aortic eraft Includloe the aortic valre and IncorporaUntt a 
cylinder of Polj-Uicne In lu proximal eermeat. 

While this teelmique was superior in that hemorrhage was better con¬ 
trolled, in tlmt obliteration of its lumen coidd not take plaee, and in that no 
great quadrant sutures were necessary to draw tho graft into the ventricle, thus 
protecting the coronaries and chordae tcndincae, not one of our twelve dogs 
sunived. It appeared that tho deatlis wore not duo to the actual surgical 
maneuvers but to some grave physiologic disturbance produced by the by-pass. 
There was no douht that the shunt functioned as shown by clamping it distally 
and incising it just proximal to the clamp. Whether the double ventricular 
outlet provided too easy escape of tlie ventricular output, thus relieving the 
muscular work load, or whether by-passing tlio coronary mouths in some way 
unpaired myocardial function, tho hearts slowed down, became feeble, and .soon 
ceased to contract, immediatoly after removing a clamp placed across the 
middle of the graft Prompt roplacement of this clamp permitted some of the 
amtaals to improve but every time it was removed the phenomenon of the fail- 
mg heart was repeated. 

It is conceivable that the human heart udth clinical aortic stenosis might 
better withstand the cstahlisliniont of a second aortic outflow tract, hut on tho 
basis of these results obriously clinical trial was out of the question. 
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Fig. 9.—Anastomosis of distal end of graft to descending aorta using the Potts-Smlth clamp 

and technique. 



, jgft ventricular 

Fig. 10.—A, Proximal end of graft Inserted directly left atrluffl, 

B IToxlmal end of graft Inserted through left auricular ap 
mitral valve, to enter the left ventricular chamber. 


wait 

and 
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C. It did occur to us, however, that the heart might he better able to 
tolerate a second aortic outflow tract if less major insult were made upon the 
myocardium itself. Prom our experiences with mitral valve surgery using the 
left auricular appendage to approach flrst the auricle, then the valve, and then 
actually to insert a Anger and instrument into the left ventricle, we felt that a 
somewhat longer graft incorporating a longer tube of Polythene might weU bo 
inserted into the left ventricle by this route. The flexible mobile normal mitral 
valve cone would be largo enough to permit insertion of a fairly large tube and 
would accurately close and grip it during ventricular systole, mueli as it grips 
the exploring finger. Therefore, longer grafts wore prepared, and tlie free ends 
were inserted into the loft ventricle via the auricle. There was no technical 
difficulty in seven dogs so operated. jUI survived at least twenty-four hours. 
However, a good flow through the graft such os obtained when the direct ven¬ 
tricular route was used was only intermittently obtained. It appeared that the 
ventrioular wall or septum would encroach upon and intermittently occlude the 
orifice of the tube. In spite of the use of curved tubes and tubes with lateral 
openings, reliable constant blood flow through the graft was not obtainable. This 
may have been the reason the double aorta was better tolerated by this technique 
than by the direct ventricular approach. The smaller size of the distal end of 
the tube, necessitated by the limited size of the mitral orifice and by the smaller 
lumen of the lower aorta, would also tend to limit the physiologic disturbances 
due to a double ventrioular output. 

However, there was an observed tendency to sudden death among these 
animals while apparently in satisfactory health even several weeks after surgery. 
Autopsy disclosed complete thrombosis of the tube in all but one of the animals, 
but no other clear-cut cause of death. We presumed that the rigid tube lying 
in the ventricular chamber in close approximation to the septum was able to 
stimulate and produce various arrhytlunias, eventually culminating in sudden 
death. 

Discouraged by these attempts at by-passing or replacing the aortic valve, 
our efforts were redirected toward punch resection of tlie aortic valve. It was 
possible to pass a backward-cutting puncli through the left ventricle up through 
the aortic valve, and to engage and remove a piece of the valve. In each case a 
typical thrill of aortic regurgitation was produced, accompanied by visible 
enlargement of the ventricle. Four dogs treated in this fashion survived the 
procedure but twelve died within twentj^-four hours. When examined, a good 
sized defect of one of the cusps was evident in each case. However, we were 
impressed by the complete destruction of that cusp and questioned whether 
the technique would be applicable clinically. Certainly a high grade of aortic 
regurgitation would bo a most undesirable result in human surgery. 

Approach to the aortic valve by way of the innominate artery (bracheo- 
cephalic in dogs) is quite feasible. A forward-cutting punch of suitable size can 
readily duplicate the procedure performed through the ventricle. Six dogs 
were subjected to this procedure with one death. Again the amount of regurgi¬ 
tation produced by this method was most impressive and suggestive of its 
tnapplicability to human cases (Figs. 11 and 12). 



526 


THE JOURNAL OP THORACIC SURGERY 


Smithy and Parker® apparently deemed an approximately eqaivalent 
amount of regurgitation produced hy a hooklike instrument inserted through 
either the aortic or ventricular wall to be acceptable even in human patients. 
Of this we have grave doubt. They felt that the ventricular approach was 
preferable because of greater ease in controlling hemoiThage and in performing 
vascular repair than possible by the aortic approach. We heheve that the 
innominate (bracheocephalic) arteiy is preferable to either, and even more 
readily controlled and repaired. We were unwilling to accept the idea of punch 
excision of the valve in a human patient, basing our objections in part on the 
following line of reasoning. 



In human aortic stenosis the lumenal passage through the la to 

reduced, eventually to a small triangular or irregular central opemng 
open or close completely in any,phase of the cardiac cycle, ^^^^g^enotic 
therefore an inherent minor component of true stenosis. However, 
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valves are scon in ivliich considerable motion of the edges of the aortic slit docs 
scorn possible. Such valves present oven more difllculty in attempts at direct 
surgical correction, since bai'ing had no pre-existing regurgitation and having 
an cnomiou.sly hypertrophied left ventricular wall -with a lumenal capacity 
reduced Ijolow normal, they are poorly equipped to compensate for any aortic 
regurgitation which might be suddenly produced during surgery. Certainly 



rpnhH^Jf' ^—Resection of portion of ntiIvo cu»p usJnp backward entUni: punch and the 
nThrKi* approach. Only four of alxteen doi* •© operated aurvlved. Each of theae four 
remarkable and prompt dilatation of the left ventricle. Thia dilatation waa effectively 
Penaatory for tho euddenly produced roffunhtatlon. 


'■'gurgitation can only bo compensated for by dilatation of the left ventricular 
chamber sufllcient to expel at each contraction an amount of blood equal to that 
necessary for tho maintenance of an adequate circnlation plus the amount lost 
lom the aorta by regurgitation through the valve. The ti'emendous hypertrophy 
the myocardial musculature seen in clinical aortic stenosis would not seem 
to readily lend itself to such rapid and extreme dilatation. 
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Recently we have become familiar Avith the Brock technique for direct 
division of the pulmonic valve in congenital stenosisJ We have used the direct 
technique m six cases of cyanotic heart disease ivith excellent results. In 
pulmonic valve stenosis the three cusps of the valve have apparently become 
agglutinated or fused during fetal life into a valve cone with a tiny orifice at its 
apex. Only a trickle of blood can pass into the pulmonary circulation. Usually 
another defeet exists to shunt the right ventricular blood into the systemic 



Fig. 13.—Typical pathology of congenital stenosis of the pulmonary 

circulation. Brock passes a flat diamond-shaped knife through an^^ 

the right ventricular wall, through the stenotic valve,^ divi ng 

halves. In other words, the valve cone formed by fusion of ^ 

cusps is divided into a bicuspid valve. Pulmonary v ves gj^^vely 

naturally bicuspid and function without evident regurgitation. not 

we have been unable to detect regurgitation in our cases, an 


mention it (Figs. 13, 14, and 15). _ _ ^j^gtion and 

Since the pulmonary and aortic valves are similar in cons operation 
method of action, we conceived the idea of performing a ^ gpjte of 

for aortic stenosis. If we could produce a bicuspid aortic va it 

fibrosis and calcification, we felt that the strong left ventric e ^ ^^j.gitation 
open during systole, and that its very rigidity would preven 
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during diastole. There were, liowever, certain important e-xtra considerations 
necessary in comparable surgery within the left ventricle. 

First, it seemed unbelievable tliat life could be maintained more than a 
few seconds if an Incision were made in the left ventricle comparable in size 
to tliat used in the right. Therefore, wo constructed an instrument with a 
suitable curve, %,]" in diameter, with retractable diamond-shaped cutting blades 
near its apex. It required only a tiny puncture wound for insertion through 
the ventricular wall (Pig. IG). 



Second, the presence of the coronary ostia just above the two anterior 
aortic valve cusps suggested a possible danger. If any inadvertent regurgita¬ 
tion were to be produced by surgery, it would probably be preferable that it 
taho place through the posterior cusp. Otherwise, the rapid flow of regurgitating 
blood past one or other coronary oriflee would markedly interfere with coronary 
flow during the normal diastolic filling period. Therefore, the retractable blades 
were placed in such a manner as to cut vertically rather than horizontally as in 
the Brock technique. Many specimens of aortic stenosis were studied to permit 
the instrument to be placed so that the upper blade would cut open the anterior 
commissure, or zone of fusion of the two anterior (coronary bearing) aortic 
The posterior blade would then cut across the center of the posterior 
(noncoronary) cusp. The valve should then bo divided into an essentially 
bicuspid valve (Fig. 17). 
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CASE REPORT 

After employing this technique on several dogs and cadavers merely for orientation, to 
felt that the method was applicable clinically. Therefore, on March 9, 1950, at the Episcopal 
Hospital, P. B., a 26-year-old white woman, unable to dimb four steps without extreme dim¬ 
ness, was subjected to operation. She had suffered from anginal pain even at rest for over 
a year. Blood pressure averaged 96/88. Pulse was regular at 80 per minute. She had a 
typical systolic aortic murmur and thrill and moderate cardiac enlargement. 


I 


Flgr. 15.—Division of stenotic valve cone Into bicuspid pulmonarj- valve. 

do not exhibit marked regurgitation. 


Such bicuspid 





With the patient in the supine position, the usual left infiamammary incision 
The thorax was entered through the fourth left interspace. Ribs four and five we 
and the costal cartilages were divided. The pericardium was widely opened 
left phrenic nerve after flooding it with 5 per cent procaine. The point of 
selected for insertion of the special retractable knife was infiltrated with 0.5 pcf ^ 
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A pnrso-ftring ffuturo and two mattrcas-atay raturca were placed about the selected point— 
1 Inch above the ventricular apex and inch to the left of the anterior descending coronary 
artery. A small stab wound was made and the medinm-sixed retractable knife was inserted 
Into the ventricular luraon. It was gmOnnlly passed up along the ventricular septum to tbo 
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region of the aortic valve. Soon the calcified areas of the valve were palpable by the in¬ 
strument, but the lumenal opening appeared to be most difficult to find and enter. After 
many unsuccessful attempts to pass the instrument through the valve, the patient’s condition 
seemed unsatisfactory and the instrument was withdrawn to permit the heart to rest. Bleed¬ 
ing was controlled with difficulty because the myocardium seemed to be very friable and nn- 
suitable for tying of sutures. However, the very thick myocardium soon stopped the bleeding 
spontaneously. 



Strong cardiac contractions returned, and we considered other methods o reso 
problem. One of the difficulties in aortic surgery is the inability to see read y ^ employed 
valve, either by direct vision or by the tactile or "digital” vision which sonietifflcs 

in surgery of the mitral valve. However, both in dogs and in human patient 

possible to feel the aortic valve momentarily by the "Ramirez maneuver. ^ i judex 
supine, the surgeon stands on the right side of the table and inserts his e 
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FIff. 19-—DlvJilon of human aortic vnlve. 



Fir. 20.--Achial line of dlWilon of human aortic valve. The calcified anterior commlajure was 
only ■lifftitly cut. The poaterior leaflet vreu divided. 
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through au incision in tlie left auricular appendage. Tlie-finger is then passed through tk 
mitral valve and is bent back sharply to palpate the aortic valve. It is conceivable that actual 
digital dilatation of the aortic valve could be carried out in this manner. 



Fig. 21.—Ventricular aspect of divided aortic valve. 
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Ad attempt waa made to iwrform tliia mnnourcr. However, tlio left nuriculnr appendogo 
in tlii* individual with no mitral valvo dlseaao was too email to permit the index finger to 
enter the auricle beyond the flrrt joint. On tlie other linnd, had thoro t)Con mitral diseoM 
the auricular appendage would have been largo, but the narrowed mitral onfico would scarcely 
have permitted the Insertion of n finger into tho ventricle without severe obstruction of the 
auriculoventricular blood flow. 



Fts. 23.—Ramirez maneuver for palpation of the oortlc valve. Tho flnper ]■ Inaerted through 
tho mitral valve via the loft atrium and appendage. 


After closing the auricular appendage it was determined that another attempt should 
be mnde to cut the aortic valve by tlio modified Brook method. The instrumont was again 
iaaerted into the left ventricle and after some probing passed up into tlie aorta. The re¬ 
tractable blades were opened nnd the valve wnB cut by pulling the instrumont back into tho 
ventricle. Great resistonco wns met, but tho instrument was finally pulled through in a 
partially opened position. Iraraediately tl^e heart became slow and begun to fall. Tlie in- 
•rimnent was withdrawn and the myocardiai defect rapidly sntured. In spito of stimnlation, 
rapid transfusion, and prolonged cardiac massage, only a very transient heartbeat could be 
re-^atablished. It was notable that in tho dying state the left ventricle did not become dilated 
although tho other chambers rapidly became enormous. Perhaps this inability of the left 
ventricle to dilate beenuso of its great muscular hypertrophy is responsible for the frequency 
of sodden death in cases of aortic stenosis. 

Autopsy revealed that the knife had been well placed. Tho anterior blade had engaged 
accurately upon the anterior, unfortunately calclflod, cornmifesure and had penetrated inch 
through pure calcium. The posterior blade Iiad cut directly across the middle of the posterior 

for ^ inch completely divldiug tho hard oburnated edge. It was evident from the 
■I*<dnjen that appreciable regurgitation had been produced by division of this cusp. An 
amount of regur^tatlon far less than that tolerated by healthy doga had been incompatible 
^Ith life when superimposed upon diseased tissues (Figs. 18 to 23). 
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The idea of creating in effect a bicuspid aortic valve without producing 
regurgitation at least in this instance seemed nntenahle. The fresh heart 
specimen revealed only an average amount of pathologic change when compared 
with fixed specimens. The valve displayed a eonsiderahle degi-ee of flexible, 
though thickened, tissue in two of the cusps and at two of the fused commissures'. 
Because of this flexibility the interruption of the hard posterior valve edge 
presumably led to immediate fatal regurgitation. Divnsion of the fixed speci¬ 
mens with their artificially hardened cusps liad'not suggested the probability of 
regurgitation. 

Shocked and saddened by this turn of events, we have abandoned the idea 
of further attempts at cutting the valve for the time being. It would be 
eminently desirable to cut accurately the fused conunissures of the stenotic 
valve, but this can only be done under clear vision. None of the various 
artificial heart-lung extracoiTooreal sj'stems has as yet been perfected sufficiently 
to permit exclusion of the human heart from the circulation. Cardiascopie or 
other means of direct visualization are not yet feasible during surgery of the 
aortic valve. 

In the meantime we have channeled our efforts in another direction. Digital 
dilatation of the mitral valve is not without value ui the treatment of mitral 
stenosis. Indeed, the first truly successful effort at the treatment of mitral 
stenosis made by Souttar, in 1925,® was a simple digital dilatation using the 
auricular approach. More recently Brock, as well as the authoro, has oc¬ 
casionally performed digital dilatation alone for mitral stenosis. The difficulty 
is that tearing will occur in the line of least resistance; which may or may not 
be in a favorable location. The mitral valve with heavy calcified lips invariab y 
tears at one or both commissures, producing in effect a planned commissurotomy, 
but as a rule limited by the size of the dilating finger. On the other ban , t c 
valve wdxich is not calcified, not greatly indurated, but merely^ closed at i s 
orifice as thougli by’ a draw string will usually tear across the thinner 
lip. Thus, a patient ideal for simple lateral commissurotomy must die ro 
imcontrollable regurgitation. We have demonstrated this mechanism m ^ 
the pathology laboratory v\dth fresh specimens, and also to our soirow m 
living operated patient.®* 

However, the aortic valve in serious acquired clinical stenosis 
have no exact pathologic counterpart to this ‘ ‘ purse-stringed state. 
the free edge of the cusp in aortic stenosis appears to hear the brun o 
disease process. It is thickened, indurated, and tough. It is often ossi e 
simple forceful dilatation of the stenotic aortic valve in the labora 
possible to tear open one or more of the sealed commissures wit mu jj 

the valve cusp itself. Such an opening of the valve should pio 
any additional regurgitation, since tlie cusp as a whole wiU ^mc i 
after mobilization. True, it -would be unusual for all three the 

open -with restoration of essentially*- normal valve function. yeritabb' 

powerful hypertrophied left ventricle, able as it is to compeimte ™ gyen 
only a ti’ickle of blood can pass the aortic barrier, -will readi y res 
moderate relief of the obstruction. 
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AVc Imvc therefore dcN’iscd nti instrument slmpcd like n large pencil with 
a blunt point. This is inserted tlirough an incision in the neck into the lumen 
of tlie right common carotid arter)-. It is gently guided tluough the innominate 
arterj’ into the ascending aorta, and soon impinges upon the aortic valve. Tliis 
is readily recognized both by resistance to further passage and by the direct 
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transmission of the cardiac movements to the operator’s + 1 , 
instrument. The instrument is tlien withdrawn ahoift t, ^ ^ ^ 

sKghtly, and propelled forward with fingertip touch 
attempts the instrament ivill en»a*^e ivithin fh^ ^ 

can then be inserted well into the ventricle This loStkn ' 
more vigorous transmitted cardiac pnls t oj^ md 
systoHc tM, t,a„s„«ed to the operatot-s 


Plgr. 26.- 


-Dilatatlon of stenotic aortic valve. Inset shows hoped for separation of all three 

fused commissures. 



• e ilating mechanism is then gently opened by a tuniserew on tlie handle 
0 t e^ mstrument, gradually dilating the narrowed orifice to or past the point of 
commissural separation. Blood flow through the aortic orifice is maintained hr 
a lack of continuity of the dilating surface. After sufficient dilatation is deemed 
to have been accomplished tlie instrument is closed and removed. The caroti 
incision is repaired by a continuous suture of arterial silk. 

We have performed this operation upon two pemons with multivalvular 
lesions, one of which ivas severe aortic stenosis. The details of tiiese operath^ 
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cases ivill bo presented elsewhere. Both patients withstood the procedure well. 
Both presented postoperative objective evidence of enlargement of the aortic 
valve orifice, and both appeared clinieally improved. Neither, by virtue of 
associated myocardial disease and of coexistent mitral regurgitation, was con¬ 
sidered suitable for major thoracotomy and direct attack upon the heart. Both 
patients arc recently postoperative and have not reached a point at which 
significant conclusions can he drawn regarding the permanence of the effects 
of valmlar dilatation. It is even conceivable that repeated dilatations might bo 
necessary after the elapse of time. There is no anatomical or surgical reason why 
repetition of the procedure should not be feasible. 

SUltJIARY ,VND CONCLUSIONS 

1. Our entire experience ivith attempts to dense a reasonahlo surgical 
method for correcting or alienating aortic stenosis has been presented. 

2. Direct valve grafts and vein-valve grafts have been attempted ndthout 
significant success. 

3. Artificial valves have not been nsed, feeling that insertion of such valves 
beyond the orifices of the coronary arteries might well he nnphysiological. Wlien 
employed to replace the diseased aortic valve anatomically, such valves may be 
acceptable. 

4. Attempts to by-pass the stenotic aortic valve by double aortic grafts 
incorporating intact aortic valves have been made. These grafts have anas¬ 
tomosed tlio aorta to the loft ventricular chamber, both directly through the 
ventricular wall and via tlio left auricle and mitral route. For technical, 
physiological, and other reasons, these grafts may well bo inapplicable in 
human aortic disease. 

5. The procedures of Smithy and Parker have been duplicated. It is felt 
that the wide division of an aortic valve by either pimcli excision or simple 
incision produces regurgitation of greater magnitude tlian can bo tolerated by 
diseased human hearts. The enormous hypertrophy of tlie left ventricle in 
aortic stenosis with its diminutive lumcnal chamber effectively mitigates against 
prompt and adequate dilatation of this chamber, so essential for proper com¬ 
pensation in sudden, surgically produced aortic regurgitation. 

6. A clinical attempt to dirido a fused aortic valve into a bicuspid valve 
similar to the Brock procedure for congenital pulmonary valvular stenosis 
produced unexpected regurgitation and terminated fatally. 

7. It seems probable that division of the fused valve commissures is 
desirable. This has not been accomplished as yet, either digitally or under 
direct cardioscopic vision. 

8. Since the pathology of aoi'tic stenosis lends itself more favorably to 
mechanical dilatation than does mitral stenosis, a method of dilatation has been 
developed. The relative ease with which dilatation can be accomplished retro- 
Sradely through the right carotid artery and ascending aorta has led ns to 
abandon the more hazardous ventricular approach for the present. 
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9. Two patients with aortic stenosis have recently been submitted to 
mechanical dilatation using the cerrtcal approach, wth early clinical improve¬ 
ment. 


ADDENDUM 

Since submission of this manuscript for publication vre have repeated the described 
technique in one case. Unfortunately a false passage mas produced because of dificulty in 
entering the stenotic valve from above. This resulted fatally. Since then we have returned te 
the ventricular approacli and have successfully dilated one stenotic aortic valve by that route. 
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DISCUSSION 

DE. A. E. BLOOJmERG, New York.—Dr. Bailey and his associates have presented an 
extremely interesting paper. As he pointed out, and recent writings of Dr. ^ 

Harkins, and otliers have attested, the full surgical attack upon the heart must await met 
of visualizing within the heart. Such cardioseopes as have been made have relied 
methods or utilized displacement cliambers through which operation was not feasi c. 
occurred to me some time ago that a stream of fluid directed under great 
an object might displace the blood and might permit operation through such displnc 
To that end we had several instruments made, and I shall discuss the latest one. 

(Slide.) This shows the assembled cardioscope; the scissors at the end o 
ment is actuated by a rod at the end of the instrument; this makes for great 

(Slide.) The fluid enters at this inlet and runs down a channel around 
The next slide shows the instrument in cross section. valves ol 

(Slide.) TVe have been able to visualize all the cardiac clinmbers and a 
the heart, approaching them tlirough the auricles, the ventricles and, in the case o ^ 

valve, the innominate artery. Tlie valves move so rapidly that only a rooraen 
afforded. However, wlien the approach is through the ventricle we have been nnothef 

up a papillary muscle or corda tendinea on the end of the scissors or hoo , 
instrument we have, and follow it up to the valve, fixing the valve for a slig 7 opened 

of time. In an attempt to fix the valve and simulate stenosis to some extent, nuricalar 

the right auricle and sutured the tricuspid cusps together. Following f is the® 

incision we have inserted the instrument through the right auricular npp^ 
much simpler to visualize the valve and we have been able to cut the ^ between the end 
although this instrument also has a defect in that the best focal point s ^thont 

of the telescope and the cutting scissors, but we feel we will be able to c aa 
too much difficulty. 
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It tokefl fipproximatclj* two nnd onc-Iinlf roinutc« for 500 c.c. of fluid to run through 
tho tnrdlos^opo nt 100 ninilmctcrs of prcwuro of moreorj*, but bv utilliing ehort burata of 
fluid and by rcmo\ing blood from tho fcmoml nrtory wo have boon nblo to obtain ®ur\iTala. 
Some of our dogs Imvo boon opemtcd upon two nnd three times. The dog seems to stand 
dislocation of tho honrt incidentally to the nso of n strnlglit instrument well, but this would 
not be true of liamnn beings. Instruments thnt Imvo an appropriate eutre will bo designed. 

DJ?. FRANK S. DOLLEl*, IAjs Angeles.—It ia not possible by any statement of mine 
to detract In the least from the epochal work Dr, Dailey hns done in, connection with tho 
surgical treatment of the aortic vnlve. I Imre no hc8ltation> tlicrofore, In speaking of a 
tentative experiment of ndne begun a number of years ago. It is of doflulto interest in 
connection wlUi this work of Dr. Dailey’s. 

In 1925, following Qrnhara’s nnd Allen’s experiments with their onrdioscope, and 
shortly after Cutler’s work on aortic valve division, I had constructed for mo by an instru¬ 
ment maker in London n steel QngemaiL It was so made as to permit tlic distal plmlonx 
of ray right foreUngrr to slip snugly into this sleevcHko lostruraent. Tliere was an opening 
to admit my own fingernail. My this means, control of the steel llngornnll could be carefully 
maintained. Another largo pnlumr aperture left exposed tho pad of the distal phalanx, so 
that orientation could be established and maintained, 

Tlie purpose of this steel fingernail was by its nso to convert n mitral stenosis to n 
regurgitation. It was planned to introdueo the index finger into the left atrium through tlie 
aaricular appendage. Tlie cxpose<l pad of my own finger would reach the stenotic vnlve. 
By means of the linrd stool fingernail immediately distal to my own, with n scissorlike cutting 
motion it would be possible to divide a vnlve leaf suflicicntly to produce conversion from 
stenosis to regurgitation. At the proxlnml rim of tho steel sleeve there was a small hole. A 
strong tlirtmd curried througb this hole and out to the other hand would prevent tho loss of 
the instrument as the index finger was lielog wlthdmwn, 

I regret very much that for screra! reasons I have not yet nltompted by this means to 
convert a mitral stenosis to a livable regurgitation. 



THE EXPERIMENTAL CREATION AND CLOSURE OP AURICULAE 

SEPTAL DEFECTS 
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Marvin E. Johnson, M.D. (by invitation), and (by invitation) 

George Warner, M.D. 
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I NASAIUCH as the clinical auricular septal defect is a static structural lesion, 
it would appear to be a type of disease which should be amenable to surgical 
repair. The malformation is apparently fairly common,^’ ■ and because of 
gradually progressive changes in hemodynamics, the life span of these patients 
is usually curtailed. Clinical attempt at closure of this defect has been r^ 
ported.^* Lack of data on oxj^gen saturations in the right auricle before and, 
after the attempted closure, however, make analysis of the effectiveness o t e 
procedure impossible. This paper is a repoi’t of our experience ivith the creabon 
and closure of auricular septal defects in the experimental animal. 


THE CREATION OF THE DEFECT 

For the purpose of studying methods of closure, it is desiiable to cwa 
an experimental defect which lies as nearly as possible in the anatomic o 
of the common clinical lesion. Congenital septal defects occur m ^ 
areas having different embrj’’ologic origins as clearly describe ^ ^ ^ipvplnn- 
the first type, which occui's imcommonlj’’, the defects are due to air e 
ment of the septum primum and lie in the extreme inferior poition ® 
directly overlying the atrioventricular valves. In the secon ^ 
more co mm on type, the defects result from arrest in the descen o 
secundum coupled vdth abnormally extensive resoiTition o sep um 
This produces essentially a failure in the development of t e ^ 

of the foramen ovale and these defects thus extend from appro. gj,gjtion 
septum into the upper anterior quadrant. It is with the expenme 

of this second lesion that we are primarily concerned. _ fin 2 a narrow 

Our initial attempts to create a defect were made y inser 
knife blade through the auricular wall and placing an eUiptica m ^ 2 

through the septum. We found it was quite possible .jveeta 

cm. iu length, but tliese incisions invariably healed rapi y, ^ 
later, inspection of the septa revealed them to have returne ° better 

essentially normal state. Recently, Martin and Essex lave 
success and an occasional lasting defect using this method. p„,n,oDao- 

- ^ tVie C8.rdIovo.scul&^ 

From the Halsted Experimental Surreal oll^Medlclne. 

Reseamh Laboratory of the University of Colorado School of Me 

Aided in part by United States Public Health Ser^^ institutes of H 

Presented In part at meeting of Surgery Study ^ frjioraclc 

united S^tes Public Health Service. Jan. 21. 1950. Association for TO 

•Read before the Thirtieth Annual Meeting of The Am 
SurgeSrCenvery Colo.. April 15-18. 1950. 
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However, ive concluded that it would lie necessary to actually remove a 
segment of the septum if success were to bo obtained. The initial approach was 
by means of a rotarj' punch applied blindly through the wall of the auricle 
using a purse-string suture. Because the septum is so flexible and because it 
is in constant motion, our success with this method tvas minimal. In one animal 
wo managed to create a ragged dofeet about 1 cm. in diameter, which had begun 
to heal over when inspected at two weeks. 

A rotating blade around the end of a cardioscope encountered the same 
difflcultics. Although it was possible to identify msually the various landmarks 
in the auricle and on the septimi, and thus the elTort Avas directed more ac¬ 
curately at the proper anatomic area, tlic results were equally disappointing. 

It appeared desiiable, therefore, to attempt to create the lesion under direct 
vision. Early in 1S4S, we dem'sed an instniment out of a standard tj’pe sponge 
forceps with wliich it was possible to approach the septum with a limited but 
bloodless field. By bending tlic blades of the forceps to form a circle one could 
compress the two walls of the auricle against tiio septum over an area of 1.5 cm. 
without embarrassing the action of the heart for periods of from four to as 
long as thirty minutes. Incision in the right auricular wall brought us directly 
down to the septum and a defect about 1 cm. in diameter, roughly circular in 
shape, could be made with tho scissors or a small sharp knife. The animals 
tolerated this procedure well on the whole, but to our disappointment, wo found 
that defects of this sire, in spite of the fact that there had been loss of substance, 
imiformly tended to heal over spontaneously in a period of four to eight weeks. 
Eor this reason, we abandoned this method. 

At about tho same time Dodorill* in Detroit was developing quite inde¬ 
pendently a similar instrument. In his subsequent report, the illustrated de¬ 
fects, which originally were oven larger than ours, appeared to ho healing at one 
month and looked no bigger tlian the coronary sinus. 

At about this time, August of 1948, Blalock and Hanlon’ published their 
ingenious method for tho creation of a communication between the auricles. 
This shunt, however, is placed well posterior and superior on tho waU of tho 
right auricle and thus lies behind end above the usual anatomic site of tho 
clinical defect. For our purposes, therefore, this procedure did not appear 
ideal; but if one desires to establish a permanent auricular shunt for experi¬ 
mental or therapeutic reasons, we behove this is tho method of choice. 

Accordingly, we turned to an attempt to excise tho septum under direct 
rision with the auricle open and the blood flow temporarily occluded. This is 
a technique which was used by Templeton and Gibbon’m their experiments on 
the tricuspid valve. 

The chejit is opened by nn intercostal incision in the fourth interspace on tho right 
side. The azygos vein is divided between Ugntnres near its entrance into the superior 
Tens cava, Tho superior and Inferior venae envno are onw mobilized and mnbilioa] tapes 
•so passed beneath them to serve ns temporary ligatures. The pericardium is oponoil 
widely in a vertical direction anterior to the right phrenic nerve, and retracted by silk 
sutures. Two sutures ore placed in the auricnlnr wall to demarcate the ends of the pro¬ 
posed incision which is about 8 cm. in length, running vertically, with the lower end at 
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the point of junction of the inferior vena cnva with the auricle and about 1 cm. anterior 
to the attachment of the pericardium. Two additional retraction sutures are placed about 
2 mm. apart, straddling the midpoint of the proposed incision. One assistant now pulls 
up on the hemostatic umbilical tapes occluding the venae cavae. This is his only re¬ 
sponsibility, and he maintains this control throughout the procedure until instructed, to 
release by the operator. The two medial silk retention sutures are held by the first assist¬ 
ant. The operator makes the auricular incision with the scissors and then immediately 
sucks out the auricle with the sucker. There is a very small amount of blood entering the 
auricle from the coronary sinus. The landmarks are identified, particularly the coronary 
sinus. A point in the septum 1 cm. superior and 1 cm. posterior to the coronary sinus 
is grasped with the sharp arterial forceps, elevated, and excised with the scissors. A 
roughly circular piece of tissue about 2 cm. in diameter is removed. Surprisingly little 
blood emerges from the left auricle through this defect. It will be remembered that blood 
flow through the lesser circuit has been halted during the procedure and since the left 
auricle is dependent, the force acting to expel blood upward through-the septal hole is 
minimal (Fig. 1). 



Fi&. 1.—Operative view of freshly created auricular septal 
temporarily occluded and the wall of the right auricle Is open. The 
posterior to coronary sinus. 


The chest cavity is now immediately flooded with saline solution. T e op^e^^ 
upward on all four auricular retention sutures controlling the extremities o ' 

and the first assistant applies the curved spring clamp. The upward pull on^^ gljstmcted 
tapes is now released, and blood flow from the venae cavae, which has jg pow 

between one and two minutes, is at once resumed. The incision m endocardio®' 

closed at leisure with everting mattress sutures of 000 silk which effects the 

to-endocardium closure. The spring clamp is removed, the pericardium c / 
chest wound repaired. The animal’s recovery is uneventful. 
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It is remarkable tlmt tlie disturbance in caitliac rliythm is so sliglit. In 
no instance did either nurieular or ventricular fibrillation supen-eno. Neither 
did any oridcncc o£ interference with the sinoaurieulnr pacemaker occur. One 
pitfall of the operation is the po.saibility of exceeding the margins of the septum 
and cutting through the wall of the right auricle. Verj- accurate placement of 
the septal excision is essential. 



Ets. 2 .—VImr UiroUKh right nuriclc of hoaleO *00011 dcfoct threo month* after cronUon. Arrow 
point* to senr in *eptuni; muHlI plodget U In coronarj’ sinu*. 

Wo have observed two complications. In one animal death occurred two 
hours postoperatively. Autopsy rovcnicd air omboU of the left coronarj- 
arteries. This is the only animal which had any s\-mptoms of air embolus. In 
the experience of llartin and Essex nitli this technique, air embolism was 
common. It is possible that our method of immediately flooding tlie chest cavity 
with saline after the defect was cut was helpful in preventing this complication. 
In another, upon second operation for the purpose of repairing the defect, a 
firm intraluminal thrombosis was found in the right auricle adherent to the in¬ 
cision in the auricular wall. 

Tho fate of septal defects created in this fashion is most extraordmarj-. 
In spite of the removal of the major portion of the septum, healing commonly 
necura in a period of from two to three months, often with complete restoration 
nl a functional septum. It would appear that the auricular septum has great- 
Powers to repair a traumatic defect, that careful ondocnrdium-to-ondocard’'^'“ 
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coaptation is essential if the defect is to persist (as in the Blalock-Hanlon pro¬ 
cedure) , and that blind or open surgical incisions or excisions of septum will 
not consistently remain patent (Fig. 2). 

However, for the purposes of experimental closure a preparation was ac¬ 
complished which simulated the clinical lesion, if closure was attempted within 
a month of the creation of the defect. 


CLOSURE OF THE DEFECT 


In 1947, Cohn® described an experimental method for the closure of small 
auricular septal defects in the dog. The lateral wall of the right auride was 
pushed against the septum and two sutures were placed to hold it in this po¬ 
sition. A wire snare was threaded into the auricle around this portion of wall, 
and the button-shaped section attached to the septiun was cut free, allowing the 
rest of the wall to revert to normal position. The hole in the auricle left by this 
maneuver was sutured closed. 


This ingenious operation seemed to us to have two potential dangers. Dur¬ 
ing the period of initial invagination of the wall, blood flow from the venae 
eavae was disturbed and cardiac irregularities were commonly encountered. 
Second, after excision of the segment of wall, the surface exposed to the in¬ 
ternal blood flow in the right auricle was the external surface of the myo¬ 
cardium ; it was not lined with a smooth endocardial layer. It seems likely that 
the factors most suitable for the initiation of intra-auricular thrombosis were 
thus established. If a method utilizing auricle waU could be devised which did 
not interfere even temporarily with blood flow and which left exposed to the 
blood stream only endothelialized surfaces these potential dangers might be 
eliminated. Such a method is here presented. 

The fundamental concept of this technique is to invaginate both auricular 
appendages and to fasten their tips firmly together through the septal^ defect. 
This converts the lumen of the auricle to a hollow space eccentrically ‘ ’ 

nut” in shape, entirely lined with endothelium. No interference 'with bio 
flow is encountered. The procedure is as follows: 


Under intravenous nembutal anesthesia, using intermittent positive 
tracheal oxygen, the animal is placed supine on the operating table and both si es 
chest are prepared and draped. Bilateral anterior intercostal thoracotomies are p 
in the fourth interspace, and rib retractors inserted. Eight cubic centimeters of 
procaine are injected into the pericardium. Attention ia first directed to e e 
A T-shaped incision is made in the pericardium over the tip of the left auric e a ^ 
posterior to the emergence of pulmonary artery. Left auricular tip is ® vertical 

drape is now placed over the wound and activity is shifted to the right si ^ phrenic 
incision is made in the pericardium the length of the auricle, just anterior o ^ 
nerve. The right auricular tip is seized with the toothed forceps and a thrust 

of 000 silk is placed at the very apex. The eye end of a standard surgic 
through the loop into the auricle and the purse string is tightened to e glofflf 

The bent probe is advanced by feel into the inferior vena cava. It is ^'^oronary rinns 
upward feeling with the tip along the septum seeking the defect. e ® ^ groove pos- 
may be entered, in which case the probe can be felt in the atrioven nc 
teriorly. Prom here the defect lies superior and posterior. If the to p^®^ 

tered, the probe is too far anterior. Usually only one or two tries are 
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the probe through tho dofoot into tho left auricle. Care must bo tnkcn that it doea not 
progress out one of tho loft pulmonary veins. Tho loft incision is now inapected and by 
feel and direct vision tho tip of the probo is manipulated until it lioa in tho very apex 
of tho loft appendage. It is pushed through tho muscle at that point (Fig. 3). 



S.—A bent surgical probe, two polretliylene buttons, and two nlocea of Qelfoam ore the only 
•pedal equipment needed for Inversion of tho auricular appendages. 

The first asslatant now rapidly threads (ho oye of tho probo with the two ends of a 
■trtad of No. 1 silk on wliich has previously been threaded a circular button of stiff Polythene, 
1% to 2 cm. in, diameter. A piece of Qelfoam linos the inner side of tho button. The probo is 
now entirely withdrawn carrying with it tho silk strand. This is pulled up to snug the 
Qelfoam against the left tip and to start the inversion of the left appendage. A similar 
piece of Qelfoam and Polythene button Is now threaded onto the ends of the silk, the first 
throw of a surgeon ^8 knot is placed, and the throw gradually but firmly tightened until it is 
quite snug. This maneuver inexorably draws the inverted tips of the anriclos toward each 
other until they abut throogh the septal defect The two buttons can be identified by feel 
Si having been brought into close apposition In the midline. The knot is finished and the 
«nda cut 

This entire monouvor can be accomplished with almost no loss of blood, and has not 
been accompanied by any severe disturbance in cardiac rhythm. The heart does not need 
^ be displaced, and no Interference with blood flow is encountered at any time. It remains 
o^y to repair the pericardium, expand the lungs, and close the incisions in the usual fashion. 

A series of ten dogs with artificially created defects have been closed using this 
technique. The condensed operative protocols of these animals ore seen In Table L 





548 


THE JOURNAL. OP THORACIC SURGERY 


Table I. Conbensed Protocols of Closure of Auricular Septal Defect 


number 

DATE DEFECT 

CREATED 

(1949) 

DATE DEFECT 

CLOSED 

(1949) 

125 

March 15 

April 8 

141 

April 15 

May 11 

145 

April 22 

Jlay 9 

147 

April 25 

May 25 

148 

April 27 

May 31 

149 

May 2 

June 1 


161 

June 6 

June 28 

164 

June 8 

June 30 

185 

July 8 

July 27 

211 

Aug. 3 

Aug. 25 


_ remar ks 

Killed Jon. 18, 1950. A 2 cm. defect approri- 
lufl-tely one'half closed by repair, Bemaiadw 
of defect closed by small organized thrombus 
Sacrificed Sept. 27.. Au 8 mm. defect was ap- 
proxiinately two-thirds closed by repair 
Dog still alive and healthy. Normal ECO, and 
normal cardiac catheterization 
Sacrificed Dec. 20. A 1 cm. defect was two- 
thirds closed by repair 
Died 8 hrs. postrepair of bilateral atelectash, 
A 6 mm. defect was totally closed by repair 
At second operation, a firm clot felt in right 
atrium. Dog died June 10, of empyema. 
The 8 mm. defect was totally closed. An 
organized thrombosis was found in right 
atrium 

Sacrificed Dec. 20. A 1 cm. defect was com¬ 
pletely closed by repair. Heart appeared 
normal in size 
Dog still alive and healthy 
Sacrificed Sept. 24. The 9 mm. defect was 
completely closed by repair 
Dog died on table during skin closure. Cause 
of death not identified. A 6 mm. defect was 
well closed by the repair____ 


DISCUSSION 

The effect on the cardiovascular liemodynamics of the creation of these 
septal defects is usually quite minimal Aidthin the period of time which they 
have been observed. The dogs remain quite active and apparently health}. 
Occasionally, at second operation the right auricle appears moderately enlarged 
The left auricle appeal's normal. 

Cardiac catheterization studies ivere performed on the animals to evaluate 
changes in hemodjmamics occurring after creation of the defect and after e 
subsequent repair. An increase of 1.0 volume per cent or more in the oxygen 
content between the superior vena cava and the right ventricle was chosen as 
the minimal criteria necessai'y to suggest flow of oxj'genated blood tliroug J 
septal defect. Table II is a summary of the catheterization studies. If ^ 
seen that in most instances, the status of the auricular septum was 
reflected by' the oxygen saturation studies; but in four animals (Gioup 


Table IT. Cardiac Catheterization Studies 


A. Creation of Defect 


1. Abnormal blood flow; defect No. 125, 145, 147, 148, Id j 

, proved Icatbeter revealed statu* 

2. No abnormal blood flow; no do- No. 141, 159, 163 I 

feet present J , , failed to rfr 

3. No abnormal blood flow; defect No. 117, 149, 185, 211 1 gtatus 

proved j 


B. Bepair of Defect 


4.’ Returned to normal blood flow No. 125, 145, 147, 161 
5 '. Did not return to normal flow None__ 
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Mthetcrization foiled to reveal n defect which wns subsequently proved to exist. 
Apparently, at tho time of the study, there wns no significant Icft-to-right flow 
of blood through the defect. It is probable that in the early stage of this ab¬ 
normality, blood flow may be variable. 

What is the fimctionnl efficiency of the method of closure I In tho four 
animals which had endenee of abnormal blood flow before repair, catheter 
studies following repair rcvenlcel a return to normal hemodynamics. This data 
is presented in Table III. We think tho cWdence is suggestive that abnormal 
blood flow through tho experimental defect is effectively prevented by tho 
operation. 



FIs. J.—S»en from above, the Inverted auricular llM abut throush tha aaptaj defecL 
apeejmen obtained from Doff No. ]6t. all montlu followlnff repair, ahowa amootb 
”°otheHal surface*, lack of thrombosis, and cffecU\'0 closure of dcfccL 

The bilateral thoracotomy was welt tolerated by tho animals. In only one 
(No. 148) was atelectasis a significant complication, and it is probable that we 
were careless in re-expanding the lungs in this animal at the close of the opera¬ 
tion. 

Intra-auricular thrombosis occurred in only one instance, and this was 
apparently a result of the creation of the defect rather than of the repair, since 
it was felt to be present at the second operation. Thrombosis, however, might 
well occur if auricular rhythm were disordered. This complication did not 
oacur in any of the animals in this series. It is possible that the enlarged, dis- 
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Table III. Effect of Closure op Septal Defect on Catheterization Pindinos 

(Group 4, Table I) 



VOL. PER CENT Oj SATURATION 
(BEFORE CLOSURE) 

VOL. PER CENT Oj SATURATION 
(AFTER CLOSURE) 

1 0, SAT. 

RUT. s.T.a 

1 TO E.T. 

DOG 

SUPERIOR 

RIGHT 

RIGUT 

RIGUT 

SUPERIOR 

RIGHT 

RIGHT 

RIGHT 



NUM- 

VENA 

AURICLE 

AURICLE 

VEN- 

VENA 

AURICLE 

AURICLE 

VEN- ' 

BE- 

ATTEE 

ber 

CAVA 

(1) 

(2) 

TRICLE 

CAVA 

(1) 

(2) 

TRICLE 



125 

8.5 

8.1 

9.1 

11.0 

10.5 

10.5 

10.3 

11.0 

1.5 

.5 

145 

7.3 

8.0 

7.3 

8.9 

10.3 

9.8 

10.8 

9.7 

1.6 

-.6 

147 

9.5 

11.2 

10.9 

11.2 

9.3 

8.0 

8.3 

9.3 

1.7 

m 

161 

7.1 


8.0 

8.8 

12.0 

11.6 

12.2 

12.2 

1.7 

1 -3 


tended auricles of the clinical patient Avould not react so kindlj^ to this manipula¬ 
tion as did the auricles of these essentially normal dogs. 

There was no evidence of anj’- interference with blood flow or -with auricular 
function b}’’ the inverted auricular tips. This is apparentl}’^ because anatomically 
the invei'sion oceui-s in the upper anterior quadrant of the lumen of the auricle, 
while the blood flow occurs priinarib’’ in the posterior and inferior quadrants. 
In addition, the intraluminal auricular pressure apparently compresses the 
inverted appendage so that its diameter, as it traverses the auricle, is usually 
quite small, much less than the size of the button at its tip (Fig. 4). 

In some of the specimens, the edge of the defect had healed firmly to the 
auricular appendage passing through it either totally or in part. It is possible 
that this is related to the traumatic origin of the defect and would not occur in 
defects which were congenital. 

SUMMARY 

1. A method for the creation under direct vision of an auricular septal de¬ 
fect in dogs, which simulates anatomically the congenital clinical defect, is 
described. 

2, These defects have a strong tendency to spontaneous closum by healing. 

3, An operation for tlie anatomical and functional obliteration of tte 
experimental defects by inversion of the auricular appendages has been evis 
which is well tolerated by the animals. 

4. The effectiveness of this procedure in ^e^T^ting abnormal blood flow 
normal is suggested by cardiac catheterization studies. 
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DI3CDBSION 

DR. F. D. DODRILL, Detroit,—I rise to comment on a few points about atrial septal 
defects with which we have had some experimental and clinical observation. Some of you 
will recall that last year I showed a method by which we could excise tho major portion 
of tho atrial septum under direct \*i8ion and at tho same time close it by a method of 
suture. IVe have tried leaving these atrial defects open and found, as Dr. Swan did, that 
they nearly all close in a matter of a few months. Moreover, it has l>een our experience 
that we could not simulate the hemodynamics of the discaso In the human being. That, 
of course, is primarily the reason why the defects close in the experimental animal, because 
the blood flow is not sufficiently great to maintain Its patency. It would !« nice if nil 
atrial defects in tho human being were in n position in the center of tho septum. It is 
difficult, Indeed, to get an accurate Idea as to where the majority of them are, from the 
pathologic literature. There are directly contradictory reports; some will say they are in 
the so-called center of tho septum, and othore report that tho majority aro in tho Inferior 
portion of the septum which does not correspond to tho hole which we create in the center. 
It has been our experience In the few cases that we hove explored, that the atrial defect 
hos been directly in continuity with the bicuspid and the mitral valves. It Is therefore 
a sort of half-moon defect, tho lower and Inferior portion of tho circle being tho valves 
themselves. 

It would seem to mo that tho type of defect would not be so amenable to the type 
of closure which Dr. 8wan has shown, because of the interference with ventricular filling. 

DR. SANFORD E. LEEDS, San Francisco,—I would like to discuss one point regard¬ 
ing the persistence of artiflclal septal defects. As you know, there are several methods of 
producing septal defects, and I think the method we use is inferior to the visual methods 
Dr. Swan and Dr. Dodrill have mentioned ttnloy. Wo use a modified nasal septal punch of 
tho Yankauer type, and the main nd\'nntage8 are that the method is extremely simple and 
there is no trauma to the right auricle. We had one animal in wliich the defect hod per¬ 
sisted for 162 days nt tho time it was sacriflcod, and apparently the defect was not closing 
any further at that time. Why this one persisted I do not know. 

(Slides.) The modifleation of tho septum punch consists of a perforated sheet of 
metal which is soldered over the punch in order to retain the removed portion of the inter- 
auricular septum. Tho loft auricular appendage is opened and tho septum punch is in¬ 
serted. The left forefinger Is used to palpate the location of the septum between the 
raperior and inferior cavae. It is possible to locate the exact position where the opening 
is to be made, and then n bito Is taken, pressing down on the left forefinger with the 
punch. It might appear that one would go through both layers and open the outer wall 
of the right auricle, but this did not occur. 

(Slide.) This colored photograph shows the left side of the heart opened with the 
persistent septal defect which stayed open five and one-half months. Here you see the 
right side of the septum with the persistent opening which measured 1.4 cm. in diameter. 

DE. SWAN (closing).—I would like to thnni Dr. Dodrill and Dr. Leeds for their 
wnnments. The septal defect which occurs just above the %’Elvofl, also embryologically 
earefuUy described by Patton, is the result of fallnre of complete descent of the septum 
primanij and is a very definite clinical entity as Dr. Dodrill stated. The incidence of the 
various types has not been well worked out. I would agree entirely that It may be im¬ 
possible in clinical patients to predict preoperatively which typo of lesion is present. 
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B ronchial astlima has been considered an expression of tissue hypersensi¬ 
tiveness. Certain instances, however, are regarded as sometliing more than 
resulting entirely from a single process such as allergy’’, infection, psjmhoneurosis, 
or irritation of the mucous membranes of the upper respiratory tract. Various 
surgical procedures have been postulated, planned, and accomplished on the 
extrinsic pulmonary neiwes in attempts to relieve “intractable ’ bronchial 
asthma. Of these, unilateral cermeal sjunpathectomy, stellate gangUonectomy, 
bilateral eeiwieal sjunpathectomy, unilateral cendcodorsal sympathectomy, and 
bilateral resection of the posterior pulmonary plexus have gained some applica¬ 
tion. The results, in general, are still debatable, yet in certain instances brilliant 
success has been reported. This has stimulated continued effort towaid a surgica 

We have reported our studies on the neurophysiology of the tracheobronclual 
tree. In these a reriew of the literature pertinent to the anatomy o^ 
extrinsic pulmonary nerves was presented.^'^ In brief, the bronchi receive a 
dual nerwe supply, derived from the upper thoracic sympathetic an 
nerves. These irerves meet at the level of the pulmonary hilus to orm le a 
terior and posterior pulmonary plexus, Avhere they are stated to in 
freely with a partial crossing of some of the fibers to the opposite ring- 
sjTupathetic efferent fibers, rvhose cell bodies are located in the first oiir o ^ 
spinal ganglia, communicate rvith the syunpathetic chain throug 
three wlrite rami conimunicantes. The sympathetic efferent fibers 
nerve cells in the iutermediolateral cell column of the spinal cor 
the upper four thoracic white communicating rami to reach t le syn 
chain. There is evidence that a'majority of these fibers pa^ o the hing- 
ganglion, where a sjuiapse is made with the postganglionic fi ers o^^^ 

The vagal afferent filrei-s, whose cells of origin are bipolar an oca 
nodose ganglia, are distributed peripherally to the fibers 

centrally to the nucleus of the tractus solitarius. The vag jjjgtribnted 
arise from cells in the dorsal motor nucleus of the vagus an arc^ ijendrites 
peripherally to the tracheobronchial tree where they synapse wu 
of nerve cells from which originate the postganglionic fibeis. 

Physiologic studies have demonstrated that vagus stunu a 
sympathomimetic drugs cause bronchoconstriction, whereas sjunp 
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lation and sympatliomimetic drugs produce bronchodilatation. In this regard, 
the work of Dixon and Brodio,” and Dixon and Ranson" is of importance, inas¬ 
much as they established a plomiologic basis for the attempted relief of asth¬ 
matics by surgical means. By measuring tho fluctuating volume of the right 
middle lobe of a cat’s lung they demonstmtod that vagal stimulation consistently 
produced bronchoconstriefion, whereas stimulation of the upper three thoracic 
sj-rapathotic ganglia or the stellate ganglion resulted in bronchodilatation. The 
existence of bronchodilator fibers in the vagus nerve and the presence of broncho- 
eonstrietor fibers in tho sjunpatheties was occasionally obsen-ed; however, this 
was considered unusual and insignificant. Partial crossing of sjunpathetic and 
vagal fillers to the opiiositc lung was usually demonstrable. In addition tho.v 
obsen-ed that stimulation of the central end of the cut vagus nerve, after botli 
vagus trunks had been sectioned, produced reflex bronchodilatation. By re¬ 
peated transcctions of tho nerve tracts, they concluded that the reflex pathway 
traversed the vagal afferent fibers to the medulla, passed from the medulla to 
the lateral columns of the cenicnl cord, and then ^ms carried through the first, 
second, and third thoracic white communicating rami to tho sympathetic chain, 
to the stellate ganglion, and on through the “nccclorator nerve” to the bronchi. 
Likewise, they noted that roflex bronchooonstriction could be readily obtained 
by stimulating tho central end of various afferent nerves such as the sciatic, 
crural, trigeminal, glossoiiharj'iigcal, and vagus, but in no instance was reflex 
bronchoconstriction found after bilateral section of the vagus trunks. The 
probability of a higher distribution of these nervous pathways was suggested by 
the bronchoseopic observations that the presence of bronchoconstriction or 
bronchodilatation is detennined in part by emotional factors. Faulkner' ob- 
sen'cd that thoughts of insecurity and fnistration resulted in bronehocon- 
strietion, whereas thoughts of a pleasant and desirable nature pioduced 
bronchodilatation. 

That the bronchi normally constrict during tho c.xpiratory phase and dilate 
during tho inspiratorj- phase of respiration is a well-known phenomenon. In 
this regard Ellis has satisfactoril.v demonstrated that the rhythmic movements 
of tho bronchi are passive and entirely duo to the movements of the thoracic 
Wall.* AVe arc in agreement ivith this conclusion in that we have been unable 
to observe any broncliial movements during thoracotomy, that is, after the 
negative pleural pressure has been released. 

In 1930, Kounti and Koenig* reported that vagal stimulation apparently 
increased tho secretion per unit area of bronchial mucosa in the dog, whereas 
stimulation of the cervical sympathotics caused little cliange, or possibly a 
sbght decrease in the amount of secretion. Subsequently, Florey and associates’* 
demonstrated that stimulation of the peripheral end of the cut vagus and 
inferior larj-ngeal nerves in the cat increased the amount of tracheal secretion. 
The effect was abolished by the administration of atropine. Stimulation of the 
central ends of the vagus nerve caused the tracheal glands to secrete reflexly 
when one of the vagus nerves remained intact In addition, wo have observed 
during bronchoscopy that the administration of parasyunpathomimetic drugs 
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results in bronchorrliea. That sympathetic stimulation may cause vasoconstric¬ 
tion of bronchial vessels is suggested by the bronchoscopic observation of the 
blanching of bronchial mucosa by the subcutaneous or topical application of 
adrenalih. 

On the basis of these studies and the findings of many other observers, 
Alexander^^ presented the follo^viag table pertaining to the neurophysiology 
of the bronchial tree: 

Bronchial Sympathetic stimulation Vagal stimulation 

Miiscles Eeloxation Clontractioa 

Glands Inliibition Secretion 

Vessels Constriction Dilatation 


In order to apply the knotvn neurophysiology of the bronchi correctly 
in the surgical treatment of intractable bronchial asthma, it is necessary to 
consider the pathologic physiology of this condition. Most investigators believe 
that the characteristic wheezing, dyspnea, and prolonged expiration of asthma 
are due to a narrowing of the bronchial lumen. Inasmuch as the larger broncM 
are supported by cartilaginous rings, it is reasonable to assiune that relatively 
the greatest obstruction occurs in the smaller bronchi. Altliough the exact 
mechanism responsible for the decreased broncliial cabber has been the subject 
of considerable debate, two leading theories have received wide acceptance: 
(1) spasm of the bronchial muscle, and (2) edema of the broncliial walls with 
excessive secretion of mucus. There is considerable evidence to substantiate 


each theory; however, Alexander^* stated: “It is probable that since vagus 
stimulation, which is the nerve impulse that initiates an attack, causes aU three 
lesions, no one, but all, play a role. In the earlier stages of the disease, edema 
and broncliial constriction are probably the most important factors, since t e 
mucous glands are small and the production of mucus scant. In long standing 
asthma increased, thick, tenacious mucus is probably the most important factor 


in bronchial obstruction.” 

Unfortunately pathologic confirmation is limited in that relatively cw 
asthmatics die of the disease, and it is difficult to apply the findings of 
seopie sections to a functional disturbance. The lack of uniformity of the 
ings of the few post-mortem examinations on asthmatics is probably ue ^ 
the variable duration of the disease, the fact that some patients died 
paroxysm while others died of intercurrent disease and the presence of co 
cations, such as pneumonia, heart disease, and emphysema. However, ® . 

correlating data are available to permit of certain general statements.^ 
the lungs are usually emphy’-sematous, associated with small 
of atelectasis; the bronchi contain a thick, tenacious sputum which may 
obstruct the lumina; the bronchial walls are thickened, and the bronc 
is usually hyperemic and throwm into folds. In patients dying Ijeen 

ysm constriction of the medium-sized bronchi of 5 mm. in diame 
reported, whereas the more distal bronchi and the alveolar sacs - gjggjc 
with trapped air. This gives rise to the belief that the primaiy ^ ^ ^ 
physiology of the asthmatic oceuis in bronchi of approximate y 


diameter. 
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The microscopic pathology of these bronchi includes: 

1. Jletamorphosis of the normal ciliated cells to goblet cells and, 
later, metaplasia to pscudoslratiScd squamous epithelium. 

2. Excessive mucus ivithin the bronchial lumen. 

3. Infolding of the bronchial mucosa which partially obstructs 
the lumina. 

4. 'Widening of the submucosal layer in some instances to twice 
its normal size, which is thought to he due to hyperemia and 
round cell infiltration, especially eosinophils. 

5. Hypertrophy of the bronchial smooth musculature. 

On the basis of ex])crimcntol work demonstrating the nen’ons control of 
the bronchial tree, many investigators have snggcstcel that an increased number 
of bronchomotor impulses cause the bronchospasm, c.vcessivo bronchial secretion, 
and edema responsible for the asthmatic paroxj’sm. According to this hjqmthesis, 
interruption of the proper nen-c pathways should allocate the sjauptoraatologj' 
of bronchial asthma. Kiimmcl” was the first to report such an operative pro¬ 
cedure in 1923. Although he realized the vagus nen-c was the main broncho- 
motor nerve, he excised tlio superior, middle, and inferior cen-ical sj-mpathetic 
ganglia along with a imrtion of tlie stellate ganglion on one side. He reported 
good results in three coses. Subsequently a number of patients in European 
clinics wore subjected to various operative procedures directed toward the 
unilateral or bilateral c-xcision of the cen-ical s)'mpathetio chain and the stellate 
ganglion. In 1924, Kappis” transected the right vagus trunk below the re¬ 
current laiyngcal nen-o with good results. This led to a combined operative 
procedure in which unilateral vagotomy and unilateral con-ical sj-mpathectomy 
were performed. Later KilramcP* advocated section of the posterior pulmonary 
rami inasmuch as Bruucher'” had demonstrated that both sj-mpathetic and vagus 
fibers supplied the posterior pulmonary plexus and only at this point could 
complete denen-ation of a lung bo accomplished. 

Phillips and Scott*' in 1929, reviewed over 300 cases collected from the 
literature of patients -with asthma who bad received surgical treatment. Un¬ 
fortunately, many cases had been reported before sufficient time had elapsed 
Postoperatively to allow of eritical ovaluation. Of those considered eligible for 
analysis 30 per cent were believed to be “cured,” 18 per cent improved, and 45 
per cent were unimproved. In 1938, Rienhotf and Gay'® reported on 16 patients 
in whom bilateral resection of the posterior pulmonai-y plexus had been per¬ 
formed. In 1942, further observations were submitted by these investigators’* 
in 21 patients, 8 of whom received 50 to 100 per cent relief, and 13 of whom 
were considered failures. 

More recently Miscall and Rovenstino"’ have reported on the value of 
Novocain block of the stellate and upper four thomeic sympathetic ganglia as a 
diagnostic procedure in determining the role the sympathetics play in asthma, 
in all patients successfully blocked, immediate improvement was noted in 78 
per cent. The patients responding to Novocain block were considorod to be the 
candidates most likely to receive permanent relief from excision of the right 
atcllate and upper thoracic ganglia. In 21 patients subjected to unilateral 
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cervicodorsal sj'mpatliectomy complete relief of astlima was obtained as long 
as two years subsequent to surgerj’- at the time of the report. 

It thus becomes evident that surgical procedm-es directed toward either 
the vagus or sjunpathetic nerves have been reported as jdelding good i-esults. 
Although the rationale for vagotomy is more clear it is difficult to comprehend 
how sympathectomy could be equally successful, inasmuch as the vagus is 
considered to be the “bronchomotor nerve.” Theoretically, if sympathetic- 
parasvmpathetic antagonism exists, sectioning of the sympathetic supply to the 
bronchial tree should result in unopposed bronchospasm, thus producing an 
exacerbation of the asthmatic state. That such may occur is demonstrated bv 
the work of Miscall and Eovenstine, in w'hich they caution that Novocain block 
of the cervicodorsal sympatheties may precipitate status asthmaticus. 

In an attempt to explain the good results following unilateral and bilateral 
cervical sjunpathectomy investigators have offered the foUmvdng theories: 


1. Bronchial asthma in some instances is due to a reflex mechanism initiated 
by irritation of the tracheobronchial tree. This gives rise to neiwe impulses 
which travei-se sympathetic afferent libers to the medulla where connection is 
made with vagal efferent bronchoeonstricting fibers. Hence, sympathectomy 
interrupts the reflex are on the afferent side. 

2. The sympathetic nerves to the tracheobronchial tree contain some 
bronchoeonstricting fibers, as demonstrated bj' the work of Dixon and Rimson,' 
Binger and assoeiates,^^ and Hebb.*" Sjunpathectomy theoretically diminishes 
the number of bronchomotor impulses, thus decreasing the degree of broneho- 
spasm, secretion, and edema. 

3. Co Tui and associates-^ demonstrated that the bronchi were more sensitive 
to adrenalin following cervicodorsal sympathectomjL Theoretically the sma 
amount of circulating adrenalin in sympatliectoraized patients may be sufficient 
to inliibit bronchospasm, thus div'erting the asthmatic paroxysm. 


Little basis for the fii*st theoiy is afforded by the findings of our previoim 
studies.==- 3 Two afferent functions of the bronchial tree were shown to be carne 
in the majority of patients by the homolateral vagus nerve. In brief ^ 
demonstrated by the bronchoscopic observation that electric stimulation o^^^^ 
nonanesthetized tracheobronchial mucosa resulted not only in paroxysma 
but also in pain referred to the anterior chest wall or cer-vical region. 
studies were repeated in patients in whom unilateral vagotomy had been p 
formed below the origin of the recurrent larjmgeal nerve. (Tlris a 
cedure was performed in an attempt at palliation of patients foun 
inoperable bronchiogenic carcinoma at the time of exploratory t lora 
In contrast to the previoirs observation, electric stimulation of the 
nonanesthetized main bronchus failed to elicit cough or pain m a^ ij-jmsmit 
patients. These results not only suggest that the afferent fibers wine 
pain from the bronchial tree but also the afferent fibers transmittmg 
impulses resulting in initiation of the cough reflex are cariied by the lom^ 
vagus nerve. The findings in the three patients found to have 
lateral bronchial origin following unilateral vagotomy suggest that 
nerve supply of the bronchial tree is derived in part from the con 



Klu\SSEK ET AL.; VAOHS SECTION FOH DRONCinAL ABTnMA 


557 


vagus nen-o. In these iiivesfigntions there was no physiologic evidence that 
the sj-mpathetic sj-stem supplies nlTcrcnt libers to the bronchial mucosa. If 
bronchial asthma is due to a reflex mechanism initiated bj’ irritation of the 
bronchial mucosa, and if interruption of the aflci'ont side of the rotlcx arc is 
the desired effect, then from the preceding oliscn-ations it would appear that 
vagotomy should be the procedure of choice. 

Although there is evidence that broncboconstrictbig fibers are carried in 
the sjTnpathctic system, tlic preponderance of experimental data indicates that 
the vagus is the main bronchomotor ncn-c. Therefore, according to the second 
hypothesis, if the desired clicct in the surgical treatment of asthma is to decrease 
the number of bronchomotor impulses, again vagotomy would seem to be the 
procedure of choice. 

It is difficult to conceive how unilateral interruption of either the vagus 
or sj-mpathotic sj’stcm could be any more than partially successful in that the 
pathologic phyaiologj’ of asthma is a bilateral phenomenon. In addition ana¬ 
tomic and physiologic investigations have demonstrated that each side of the 
bronchial tree receives nerve fibers from the contralateral vagus and sjunpathotie 
nerves. Therefore any unilateral procedure would not completely interrupt 
that particular nenous supply to the homolatcral bronchial tree. In this regard 
the work of RicnholT and Gay'* is more logical in that complete denervation of 
the bronchial tree was performed by bilateral resection of the xvosterior pul¬ 
monary plexus. Although we arc in agreement uith the perfoiuianco of a 
bilateral procedure, wo believe (hat the sympathetic sj’stem should Im left intact. 
If the theor)' of sjuiimthetic-parasympathctic antagonism is correct it appears 
from the foregoing data and discussion that bilateral vagotomy, leaving the 
bronehodilating sjmitiathctic fillers intact and unopposed, would be the logical 
operative procedure. Prom an anatomic and phj-siologic standpoint to achieve 
complete paras^mpathectomy of the bronchial tree, leamng the sj-mpathetic 
nerves intact, the surgical procedure should consist of a bilateral transection of 
the vagus nerves above the oiigin of all branches of the pulmonarj- plexus. 

In previous studies we have demonstrated that unilateral section of the 
vagus nerve immediately below the origin of the recurrent laryngeal nerve 
could be performed vv-ithout any adverse sequelae. There appeared to be no 
contraindication in the bilateral performance of this procedure. On the basis 
of this concejit our medical colleagues were consulted for approval in the appli¬ 
cation of this procedure to patients with intractable bronchial asthma who had 
received all known forms of specific and nonspecific therapy without reliet 
The protocols of three such cases are herewith presented. 

CASE REPOBT3 

Case 1.— D. T., Ko. 491774A, a whito girl, 1£ year* ot ago, waj nUmitted to the TJnl- 
verelty Hcupltal on March 2, 104D, with n dlngnosis of bronchial nathma. The family history 
rOTealed that her younger sister, pntemnl undo, and rontomal aunt had “hay fever.” She 
began having asthma at the ago of 6 years, shortly following tonsillcetomy. IniSnlly the 
sttaclca occurred more freqnontly during the summer and fall seasons, and were relieved hy 
adrenalin and aminophyllin. 
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Six years prior to admission she noted a clironic cough, productive of a grayish-white, 
thick sputum, and three years later she was found sensitive to ragweed, eggs, and roses. 
Desensitization was attempted without relief. Her asthmatic attacks had so increased in 
severity and frequency that she was unable to attend school. During the past two years sle 
had received the usual antibiotics, bronchodilator drugs, and antUiistaminica without much 
relief. Change of climate was transiently effective. During this period sputum became 
mucopurulent and foul. She was referred to the Kcsearch Surgical Service by the allergist for 
consideration of surgery^ 


Fig. 1 



bronchiectasis 


On physical examination her posture was drooping, the shoulders were 
clavicles were raised anteriorly, and the anteroposterior diameter of the chest was , 

The sternum was prominent. There was a dorsal kyphosis. The percussion 
resonant, and expiration was prolonged. Musical rales and rhonchi were ^ 

both lung holds. Admission white blood count was 10,500 with 5 per cent gj. 

electrocardiogram revealed a sinus tachycardia of 165 and right axis 
amination revealed the lung fields to be wide superiorly and emphysematous. r 
demonstrated broncliiectasis of the right middle lobe and generalized bronchospasm 


The vital capacity was 1,700 c.c. Continuons 

On March 7, 1949, a right posterolateral thoracotomy was jmrforme inguction 
electrocardiographic tracings were made during the surgical procedure. Soy 
with Pentothal Sodium (E) endotracheal cyclopropane-oxygen anesthesia 
systoles were noted on tlie electrocardiogram. Upon substitution of nitrous^ tissue iras 
oxygen anesthesia, these changes disappeared. Exploration revealed yfas found 

emphysematous and the marginal veins wero distended. The right mi gnrrounded 

to be atelectatic and somewhat indurated. The right middle lobe '^^jividual hgatio” 

by enlarged lymph nodes. A right middle lobectomy was performed by ^ e m^^ recurrent 
technique, and the right vagus trunk was transected just below the obvious effee** 

laryngeal nerve. During manipulation and transection of the vagus nerv , 
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Fig. 3.—DiaBTatn Illustrating the lateral surgical approach to the vagus ner\-e. 
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were observed on the clcctrocardiopnipluc fracings. She 'wtia discharged on tho twelfth 
hospital day free of aathmeu 

Althongh sho remained nsrinptomatic for three montlis, a bronchogrnm performed on 
June 1, 1W9, iwcalcd that bronchospoara was still present (Fig. 2, A and B). Shortly 
thereafter a family quarrel precipitated one of tlio most severe attacks tliat she had ex¬ 
perienced. Following confinement to bed for three weeks she was readmitted to the hospital 
on June 22 in status asthninticus. She received aerosol and systemic antibiotics, bronchodilator 
drugs, and rhomothernpy without relief. AminophylUn suppositories were found to be 
temporarily bonoflcial and tlie patient was discharged somewhat improved. On August 10, 
she was readmitted during a remission of her illness for consideration of left vagotomy. 
During an asthmatic attack tlic left nigns trunk was blochetl in tho carotid sheath witJi 1 
per cent Novocain without relief, Tho admission whito blood count was 10,400 with 11 per 
cent eosinophils. The electrocardiogram was Interpreted ns normal with a rate of 90. The 
vital capacity \xna 1,000 c.c. 



Flff. G (Cfiso 2, E. C.).—Po*tO|M3mtlvo photoirrnph dcnionstratJnff the position anil extent of 
tlie Incision on the rlffht Intcml approach to tho vqkub neivo. 

On August 24, a left tlioracotoray was performed through a 15 cm. incision along the 
fourth interspace In tho raldaxlllnry line (Fig. 3). With Iho aid of lighted retractors, the 
^ffas trunk was identified and mobilized with a nerve liook at tlie nrcli of the aorta. Since 
Novocain block of the left vagus trunk hncl been performed previously without relief, it was 
decided that permanent interruption of the remaining vagns nerve was not justiilable. The 
left vagus nerve was blocked with 1 per cent Novocain immediately below the origin of the 
i^carrent laryngeal nerve without any discernible gross cliangee in the electrocardiographic 
traelngs. Accordingly, the left vagus trunk was crushed at this point. Postoperatlvely she 
did well with the exception of complaints of epigastric fullness and bloating. An, upper 
gastrointestinal series nn-ealed considerable gastric dilatation, lack of peristalsis, and 90 
per cent gastric retention of barium at six hours (Fig. 4). Although she remained free of 
asthma for a period of three weeks, gnstrointcstlnnl symptomatology increased in sucli severity 
that the administration of Urecholinc, 2.5 mg. three times a day, was reqnired. Six months 
^ter the second operativo procedure, the gnstrointestlnal symptoms had subsided completely. 
There was slight but definite decrease in iho frequency and severity of the asthmatic attacks. 
Nowever, she required daily aminophyllin suppositoriee and on occasional injection of 
• adrentUn. 
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Case 2.—E. C., No. 500837A, a 57-year-oia white woman, was admitted to the medical 
service on July 27, 1949, in status astlimatieus. She was cyanotic and comatose. This was 
her seventh hospital admission for the treatment of asthma. 

She first had asthma during cliildhood; however, the attacks ceased at 12 years of age. 
She enjoyed relatively^ good health until five years prior to admission, at which time a 
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Fig. 0.—Artist’s conception of the exposure of the site of transection of the right vagus nene 

above tlie origin of the pulnionary plexus. 
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panhystcrectomy was performed. Shortly following this procedure she noted the recurrence 
of asthmatic attacks charactcrizoil by sudden onset of orthopnea, sweating, and whociing. She 
had been treated by many physicians. Antibiotics, bronchodilator drugs, and antihlstaminics 
had been employed with only partial roUof. Allergy studies elicited a sensitivity to house 
dust, cat and dog dander. Dcsenititation was attomptod without relief. Despite additional 
symptomatic therapy the asthmatic attacks occurred in increasing frequency and severity. 

During the seventh hospltalitntion, sho remained in status ostlimaticus for three days. 
After intorruption of this cycle sho continued to Imre six to eight severe asthmatic paroxysms 
per day, requiring various therapeutic measures. The frequency and severity of tho attacks 
were sudi that tho patient was afraid to leave the hospital. After forty days of hospitalisation 
the research surgical service \vas requested to ovnluato the patient in regard to surgerj'. On 
Sept. 8, 1W9, utillxing a lateral approach (Figs. 5 and 0), tho right vagus trunk was 
transected immediately below the recurrent laryngeal nerve, Follo\ring tills procedure, the 
patient felt slightly improved. Some members of tho stall believed there was loss wheeling 
in the right long than In the loft. Due to tho severity of the gastrointestinal symptoms in tlie 
first patient (D.T.), on September 28, only tho pulmonar}* bmnclies of the left vngus wore 



B (C«*e 2, E. C.).—Bronchogram obtalnod during expiration after bilateral immaympathec- 
tmuy of the bronchial tree. Note the persistence of tenerallsed bronchospasm. 

•ectioned, through n lateral incision (Fig. 7). Tlio vagus trunk was not transected. The 
P<'»toperatlve course was benign and she was discharged asymptomatic ten days after the 
second operative procedure. At monthly intervals examination revealed that she had remained 
symptomatic, requiring no medication, and she considered herself “cured.” On Feb. 7, 
1950, the patient was voiy cheerful, stated that she felt fine and had gained fourteen 
pounds in weight. At this time a bilateral bronchognun was performed in order to evaluate 
the effect of bilateral parasympathectomy on the bronchial tree. Instillation of 8 c.c. of 
IJplodol Into each side of the bronchial tree precipitated a severe attack of asthma charac- 
terittd by extreme dyspnea, moderate cyanosis, wheoxing, and excessive perspiration. She was 
tinted Immediately in the emergency room where 7% grains of aminophyllin were adminis- 
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tered Intravenously and oxygen inlialation instituted. Altliougli she was much improred 
after one hour, she was hospitalized overnight and discharged the following day. The 
bronchogram revealed severe spasm of the bronchi (Pig. 8). Since this single episode she 
has remained free of asthma. 

Case 3.—J. A., No. 492003A^ a colored girl, 12 years of age, was first seen in tlie allergy 
clinic on Jan. 24, 1945. The following history' was obtained: frequent paroxysms of conghing 
shortness of breath, and wheezing had begun two years previously. Initially the attacks mre 
more frequent during the fall and damp weather and were often precipitated by the onset 
of upper respiratory' infection. Subsequently the attacks occurred with increasing frequency 
and severity, unrelated to season or weather. On occasions she noted areas of pmritis on 
her legfs followed by welts. She had had whooping cough, measles, mumps, and chicken pox. 
There was no family history of allergies. At this time skin tests were negative. The vital 
capacity was 1,800 c.c. There were several nasal poly^ps; the nasal mucosa was edematous, 
and a mucopurulent nasal discharge was porsent. The chest was emphysematous, the antero¬ 
posterior diameter being increased. Wlicczing was heard throughout both lung fields. 



She was followed in tlie allergy clinic until August, 1949, on the average o 
per month, where she had received all known specific and nonspecific tliernpeu c 
without relief. On her first two hospitalizations, Pebmary and Mardi 1945, she waa^ (interia^ 
to the ear, nose, and throat service. Multiple nntrotomies were performed, an 
half of both middle turbinates, the polyps, and all polypoid tissue were remove jg^ovei 
she was followed in the ear, nose, and throat clinic, where polyps xvere during 

On her third, fourth, and fifth hospitalizations, she was admitted to days, 

the months of March, April, and May, 1949, for periods of seven, eight, an ^emcly 
respectively, in statns asthmaticus. She was having four to five attacks per ay, vr 
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B. 

foil 10 (Casa I, J. A.).—Bronchoffrains obtained during Inspiration (A) and expiration (B) 

bilateral para*ympathcctom>’ of the bronchial tree. Note the peraUtence of generajlica 
nchoepaam durtnt both phase* of reaplratlon. 
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dyspneie, incapacitated, and “adrenalin fast.” There had been no weight gain in four years 
The nasal mucosa was edematous and associated with mucopurulent discharge. She rras 
round-shouldered, and there was a moderate dorsal kyphosis. The clavicles were promineat 
and the accessory respiratory muscles were active. Tlie anteroposterior diameter was increased. 
The chest was hyperresonant and wheezes were heard throughout both lung fields. Eipiiatioii 
was prolonged. 

Pertinent laboratory findings revealed an eosinophilia ranging from 2 to 8 per cent 
Roentgenograms showed a pansinusitis and a bronchogram revealed generalized bronchospasm 
(Fig. 9). She was placed in an oxygen tent, received aminophyUin, grains 7^(> every 3 hours, 
and aerosol and systemic antibiotics without relief. Status asthmaticus continued, and a 
surgical consultation was requested in regjard to the feasibility of bilateral vagotomy. Fre¬ 
quent stimulation of the trachea with a nasal catheter and subsequent aspiration appeared 
to be responsible for interrupting the asthmatic cycle. Inasmuch as medical, allergic, and 
psychotherapeutic measures had been unsuccessful, she was discharged and instructed to return 
during a period of remission for vagotomy. She was readmitted June 1, 1949. The vital 
capacity was 1,300 c.c. There was a 5 per cent eosinophilia in the peripheral blood. An 
electrocardiogram revealed a sinus tachycardia of 130. 

On Jrme 3, using a posterolateral incision, the left chest was entered through the fourth 
interspace. After identification of the recurrent laryngeal nerve at the arch of the aorta, 
the vagus nerve was transected immediately below this point. Electrocardiographic studies 
revealed no effects due to vagal irritation or transection. For the first two postoperative 
weeks her asthma appeared to be improved, although on the third and fourth days she com¬ 
plained of epigastric fullness. A bilateral bronchogram performed on the tenth postoperative 
day revealed generalized bronchospasm on both sides of the bronchial tree. An x-ray eianu- 
nation of the chest twenty-four hours later revealed approximately the same amount of 
Lipiodol in the alveoli on the left as on the right, although a small amount of oil uas re 
maining in one of the left lower lobe bronchi. Toward tlie end of her hospital stay, e 
attacks occurred with increasing frequency, often precipitated by conversation and diagnostic 
measures. 

While obtaining a gastric motility tracing on her twenty-first postoperative day she had 
another asthmatic attack. Five minutes after injecting the right vagus trunk in the cem 
region with 1 per cent Novocain, the asthmatic attack ceased. The gastric motility traemg 
which had been normal until this time demonstrated complete absence of peristalsis-. 
postoperative electrocardiogram revealed a sinus tachycardia of 110. Daily vital capaa ^ 
averaged 1,100 c.c., 1,900 c.c., 1,200 c.c., and 1,400 c.c. during the first, second, 
fourth postoperative weeks, respectively. She was discharged to return foi; further e 
No improvement was noted, and on the basis of the previous vagus injection, it 
to cut the pulmonary branches of the right vagus nerve. ' She was readmitted on Oct. 
and the operative procedure was performed as outlined in Case 2. Postopera iv y 
tinned to have one to two attacks per day, although not as severe. Coughing paroxysiM 
definitely decreased. On the sixteenth postoperative day a bilateral bronchogram u 
formed which demonstrated a generalized bronchospasm during both the in^i 
expiratory phases of respiration (Fig. 10, A and B). That night she had anot er 
asthma, became comatose, and despite the most vigorous attempts at r^scita loi^ 
aspiration and stimulants, she died. Permission for post-mortem exmination was no 

DISCUSSION 

A study based on three patients is insufficient from which to 
conclusions as to the efficacy of bilateral parasympathectomy in t e 
treatment of bronchial asthma. In addition an adequate period has no , 
postoperatively to allow for more than a preliminai'y report. ^ _ patient 
(B.C.) states she is “cured,” another (JA.) is dead, and the remainmg ^ 
(B.T.) is slightly but definitely improved. In general, the results ar 
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little lictter than wiuivocal. IToivevcr, one must i'cmcmlx;i' that only those 
nsthniatie patients fniliiift to respond to nil other known measures wore sub¬ 
jected to this opemtive procedure, and thus the study represents an attempt 
at salvnpc of these patients. 

The most impressive findiiiR in this investiRntion was the persistence of 
broncho.spasm after hilatcral interruption of the so-called “hronchomotor 
notwes.” Kogardlcss of the clinical result bronchospasin was demonstrable in 
all three patients after the instillation of Lipiodol. Bilatcwl pai'nsjTnpa- 
thectomy of the hi-onchial tree, thus, resulted in no change in the caliber of 
the bronchi. This cndcncc Ls confirmnloiy of our prenous studies in wliich 
unilateral vagotomy performed immediately below the origin of the recurrent 
Inrjuigeal nerve was without effci't on the calilicr of the homolatoral bronchial 
tree. This suggests that our present concept of the neurogenic origin of 
bronchial n.sthmn is not valid. 

All three patients noted that cough had decreased greatly follomng surgciy. 
This oliscrvation is in aceordanee with our lu-cvious studies in which it ivas 
demonstrated that the cough reflex arising from stimulation of the homolatcral 
bronchial tree had liccn abolished following unilateral vagotomy performed above 
the origin of the pulmonarj’ i)lcxus. Since the cough reflex, the ciliarj' aetiidty 
of the bronchial mucosa and the respiratorj' movements of the bronchial tree 
aio considered to lie the more important physiologic mechanisms in the main¬ 
tenance of a patent bronchial tree, it must he assumed that alxilition of the 
bronchial nerve impulses rcsidting in initiation of the cough reHox docs not 
impair the cfUciency of clearance of tincheohronchial secretions. Preidous 
hivestigation, rcriowed briefly later, revealed that nnilntcml vagotomy did not 
impair the clearanco of soerelions from the liomolalcra! bronchial tree. This was 
demonstrated by a hronchographic study. Fortmintely the patients with uni¬ 
lateral vagotomy serve as their own controls in that clearance of secretion from 
the dcnciwatcd homolatcral bronchial tree can be compared with the clearance 
of secretions from the noi-mal contralateral bronchial tree. Caution was exer¬ 
cised in the performance of the bronchogi-ams so that an equal amount of 
Lipiodol was introduced into each side of the bronchial tree by using a tracheal 
catheter. One to seven days after broncliogi-aphy, postcixmnterior chest roent¬ 
genograms were obtained in older to determine the residual amount of radio¬ 
paque matexial remaining in both sides of the bixmchial tree. If the residual 
oU in each side was found to bo of the same amoiuit then it could he assumed 
that unilateral vagus section had not impaii-ed tho efficiency of clearance of 
secretion from the homolatcral hroneliial tixs:. With one exception there -mis 
no pooling of secretion, such ns xvould be evidenced by a greater residuum of 
oil on tho homolatoral side. TheiTforc, in the absence of the cough reflex, it 
appears that tho ciliaiy activity of the bronchial mucosa in conjunction uith tho 
respiratory movements of the Inxmchi is capable of effecting a satisfactory 
clearance of tracheobronchial secretions. That such is the ease in the present 
investigation is demonstrated in tho flist two patients, D.T. and E.C., in whom 
postbronchography cliest roentgenograms revealed no impairment of tracheo- 
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bronchial clearance following bilateral parasympatliectomy of the bronchiai 
tree. Unfortunately we were unable to obtain these studies in Case 3 (J.A.) 
Such studies in conjunction with a post-mortem examination would have btee 
of the greatest importance in that investigators have reported death in asthmatics 
to be due to ciliaiy insuffieiency. Hilding®* found a metamorphosis of the normal 
columnar ciliated cells to goblet cells with a resultant loss of ciliaiy mechanism 
in thirty-nine fatal eases of asthma. It is logical to assume that the death oi 
J. A. was probably due to the surgical abolition of the cough reflex in the 
presence of cUiar}' insufficiency. Because of this fact bilateral parasympa- 
thectomy of the bronchial tree should be avoided in patients having mrasnally 
severe astlima of long duration in whom metamorphosis of the normal ciliated 
epithelium has probably occurred. In the future, the selection of asthmatic 
patients to be subjected to this procedure should be made cautiously. 

For a number of years investigatoi's have demonstrated the occurrence 
of pulmonary edema immediately following bilateral vagotomy in experimental 
animals. The pathogenesis of this phenomenon has been the subject of con¬ 
siderable debate, and has suggested the possibility that a true ''neuropathic’' 
pulmonan- edema may exist in man. That such studies do not apply to man 
is indicated by the absence of pulmonaiy' edema in the preceding three cases 
following bilateral parasympathectomy of the bronchial tree. In addition, it 
is of interest that this procedure did not cause any discernible cardiovascular 
effects, transient or permanent, as emdeneed by a compaiison of electrocardio¬ 
graphic tracings obtained before, during, and after surgery. 

In an attempt to explain the good clinical results obtained in Case 2 (E.C.) 
we have postulated that the oceuiTence of her asthmatic attacks is dependent 
upon the presence of two factors; a local factor (infection, hypersensitiveness, 
or irritation) witliin the bronchial tree, and a central factor. Theoretically, 
the local factor by itself is not capable of initiating the asthmatic paroxysm, 
however, in the presence of the local factor, the astlimatic attack may he pK- 
cipitated by an increased number of bronchomotor impulses carried in ^ 
vagus nerve, caused'by an emotional disturbance. Bilateral interruption o ® 
nervous pathways transmitting the central factor wmuld then inhibit the occur 
rence of the astlimatic attacks. Support of this theoiy is derived from ^ ® ^ 
that she was free of asthma until a bilateral bronchogram was 
Theoretically, the instillation of Lipiodol, acting as a foreign body, 
an attack by increasing the bronchomotor impulses through stimulation o 
postganglionic vagal fibers distal to the site of previous transection. 

According to the hypothesis presented earber in this report, th^ i 
procedure in the surgical treatment of intractable bronchial asthma is a 
transection of the vagus nerves immediately below the origin of the ^ 
laryngeal nerves. However, the severity of the gastrointestmal 
suiting from such a procedure, as in Case 1 (D.T.), does not ^lie 

tinned application. Accordingly, the surgical procedure was mo e 
transection of one vagus trunk below the reeurient laryngeal nerve 
cutting of the pubnonaiy branches of the contralateral vagus nerve, 
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formed in Cases 2 and 3 in two stages. No discernible gastrointestinal or 
cardiovascular effects were noted. At pi-csent we believe this procednro to be 
relatively innocuous and without an.v serious immediate morbidity. As pointed 
out prc\dou3ly, tbe application of this procedure should Im made cautiously 
in that the selection of patients should exclude those piebably hanug ciliary 
insufUeicncy. The possibility of performing this procedure through a unilateral 
approach is being considered. Altbough no conclusions as to tbe value of bi¬ 
lateral parasympathcctomy of the bronchial tree can he made from such a small 
scries of patients, we believe that tbe good clinical results obtained in Case 2 
(E.C.) justify a continuation of tho surgical attempts in the treatment of in¬ 
tractable bronchial asthma. 


BDMMARV 

1. A rerfew of the literature pertinent to the anatomy and physiologj' of 
tho extrinsic pulmonan- nciwcs as related to bronchial physiologj' is presented. 

2. The present concept of the pathologic phj'siolngj' of bronchial a.sthma 
as related to its neurogenic origin is dlscua.sc<l. 

3. The .surgical procedures prcvioiuslj- performed by various investigations 
on the c-xtrinsic pulmonarj' ncn’cs in cases of intractable bronchial asthma 
arc briefly reviewed. 

4. Three patients with intractable bronchial asthma were subjected to 
bilateral parasj'mpathectomy of the bronchial tree. Although tlie clinical re¬ 
sults arc little better than equivocal, bronchoapa.sm was still present in all three 
patients as demonstrated by broncliograifli.v. 
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Paul, II. Guilfoil. II.U. (cv in-htation) 

Atl-ynta, Ga. 

T he po.ssiblc npiilicntiou of siirRcn' of the autonomic nervous sj’stom to 
bronchial aatlima lias long been considered and spomdicall.v applied. Sueb 
procedures ns stellate gangHoneetoiny' and high dorsal sjunpathetic nerve 
block’ have been suggested for application in thi.s disease since 1023. Rienhoflf 
and Gay’- * rciKirted promising results following jirocedures attempted toward 
complete denervation of the lung by exeision of tlie posterior pulmonnrj" plexus 
in 1938. In 1947, Carr and Chandler’ presented the long term results following 
dorsal sj-mpnthectomy for bronchial asthma. In the discassion of this paper, 
the possihle value of autonomic surgcr\- in other pulmouarj- conditions such as 
emphysonia" was considerod. Blades,’ in 1948, presented a review of the historj- 
of the surgical approaches utilized in bronchial asthma and iircscntod the carl.v 
results of a con.sidcrably more radical method of pulmonary denervation in the 
surgical management of this disea.se. Bailc.s'* has also stressed tho importance 
of more radical measures. A distinct contribution to our knowledge of tho 
physiologic effect of tho vagus upon the bronchial tree has recently been 
presented by Curtis and Klassen." They have demonstrated the transmission of 
sciLsations of bronchial discomfort along vagal pathwaj’s and have applied this 
knowledge in the utilization of high vagus transection ns a palliative measure 
for tho intractable cough of nonrc.scctablc bronchiogenic carcinoma. 

We arc not ns yet in full po.ssossion of a knowledge of tho role w’hich Gio 
autonomic neiwous sj’stom plays in regard to bronchial physiology. It is 
admittedly difficult or imimssiblo to apply experimental studies upon the 
autonomic nervous system of animals to a satisCnctorj' understanding of tho 
physiologj* of this ncrc'ous system in tho human licing. Tho reported results 
of surgery of the autonomic nciwous system in tho treatment of bronchial 
asthma in the human being have so far licen unable to show any true uniformity. 

The surgery of the dorsal sympathetic chain has been quite comparably 
done by different authors. Ilowever, when one studies tlio reixirts relative to 
attempts at complete pulmonary^ deneiwatiou, it liccomes obvious that thoro is 
a considerable discrepancy in tho completeness with which this procedure has 
been carried out. Certainly prior to 1947 there had not been satisfactory 
recogmtion of tho number and importance of fibers going from tho vagus nerv'e 
to tho pulmonary hilus from a level at and above tlie recurrent larjmgeal nerve. 
The experiences of ourselves and others make us feel that considerahle stress 
Prom the Department of Surserj'. Emorj- Unlrmreltr MeUlcal School. Emorj- Univereltr, 

Head before the Thirtieth Annuel UcoUnB of The ..Vmericen jVeiodaHon for Thorecic 
snrrerr, Denver. Colo.. April 15-18. 1050. 
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should be laid upon the fibers which may descend to the lulus from the recurrent 
laryngeal nerv^e itself and also those which aiise from the main vagal trunk 
above the recurrent laryngeal nerve. In the main, these fibers tend to go to 
the anterior portion of the hilus and particularly are distributed in the tissues 
about the pulmonary artei*j^ and superior pulmonary vein. Blades has em¬ 
phasized the number of sympathetic nerve fibers which may come across from 
the contralateral side of the chest via the pulmonary artery. He also em¬ 
phasized the frequency vdth which both -s-agal and sjunpathetic fibem may 
enter the lung route through the pulmonaiy ligament. It is vitally important, 
therefore, in any consideration of the application of autonomic surgery to 
pulmonary disease that the specific degree of completeness of pulmonary 
denervation he emphasized. In 1945, we felt that we were carrying out a more 
complete denenmtion of the lung when we were severing the higher fibers from 
the vagus and cleaning the liilus dovm to the level of the pulmonary hgament. 
However, we now know that this is an incomplete pulmonary plexectomy or 
denervation and prior to 1949 we can only find one of our patients in whom vre 
can consider that a truly complete plexectomy had been carried out. That was 
in 1945, when we first added perivascular sjunpathectomy and complete tran¬ 
section of the pulmonary ligament. In retrospect we find that we bad much 
more benefit in this individual patient. 

We feel, therefore, that it is important to classify the deneiwation prfr 
cedures in four separate categories. Fii'st, there is dorsal postgangliome 
sympathectomy involving the I’emoval of the second through the fifth 
occasionally through the seventh sympathetic ganglia. Second, there is tran¬ 
section of the vagus nen^e just below the level of the recimrent laryngeri nerve 
which must admittedly leave even some distinct fibers of the vagus going into 
the pulmonary hilus; this we call “high vagus transection.” Third, there is 
the operation of completely^ transecting all visible fibeis of the vagus going 
into the hUus of the lung except for those going through the pulmonary hgamen 
and without stripping of the sympathetic fibei’S coming through the perivasen ar 
sheaths; this procedure we will classify as “partial or iucomplete pulmonary 
plexectomy.” Finally, there is the most complete type of pulmonary 
tion, that described by Dr. Blades, which we classify as “complete p ona 


plexectomy or deneiwation.” 

The attacks upon the sympathetic, parasympathetic, and combined auto^ 
nomie nervous systems have made us feel that a comparative study o 
results of the application of these different methods in one clinic might pr^^, 
valuable in a further understanding of this subject. In the discussion o 
Carr’s paper before this Society in 1947, both Dr. Ealph Adams an 
us (0. A. A.) drew attention to instances of apparent benefit o 
surgery’^ in relation to pulmonary emphysema. We have tried to app y 
surgery in other types of pulmonary disease and wish to eonsidei e 
such an approach in these other diseases at this time. To date we 
.out autonomic nerve surgery as a solitary procedure or in 
other surgical procedirres in relation to puhnonaiy disease in 72 pa e 
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Wc are fully cognizant of the difficulty in evaluating the results of nnto- 
nomic surgorv’ in relation to pulmonary disease. In patients vvith severe dyspnea 
or with ostlima there is almost constant associated personality distnrhanco. It 
is frequently difficult or impossible to determine whether this personality 
disturbance anteceded the pulmonaiy difficulty or presented ns a consequence 
of prolonged pulmonary disability. AVc have attempted in aU cases to evaluate 
the personality status and in almost all patients have carried out a prolonged 
trial of conservative measures directed toward (1) reassurance with psj’cho- 
therapy, (2) improvement in associnted pulmonary suppuration by endoscopy 
under other anesthesia, ciiomothernpy, chest e.xcrcises, and expectorants, and 
(3) improvement in the breatlilng habits, particularly by oxpimtorj- chest 
exercises. In many instances there has been a striking result from this con¬ 
servative type of approach. No patient was subjected to autonomic surgerj' 
until we were satisfied that this typo of approach had failed. One must also 
emphasize that in the application of a procedure which is not necessarily an 
accepted one the caliber of patients treated consisted in the main of those with 
verj- for advanced and intractable disease. 

As our c.xperionccs have grown with the application of tliese procedures 
we have become increasingly impressed with the need for objective studies in 
regard to pulmonary function both bclorc and after surgical interference. 
Adequate pulmonaiy- functional studies have only recently been available to 
us, and we feel tlml further experience with this method of study and of longer 
follow-up of these objectively studied patients should be carried out before 
presenting specific results from this more objective approach. For the past 
five years we have tried to apply an admittedly very limited method of study 
in regard to these patients; namely, to study the effect of various drugs upon 
the individual’s vital capacity before treating the patient either by the con¬ 
servative or combined conservative and surgical approach. The only value noted 
in this study is that we have been impressed by the considerable increase in 
vital capacity in patients with bronchial asthma following injection of epine¬ 
phrine, Isuprel, or aminophylline, and it also appears to be an essentially urn- 
form finding in the study of patients with extensive bUatoral emphysema. More 
detailed studies are being carried out by the pulmonary' function laboratory to 
investigate further the role of associated bi'onchospasm in pulmonary emphysema. 
At present, we must state that we cannot accept the premise that bronchospasm 
is not an important and probably integral part of diffuse interstitial or bullous 
emphysema or a combination of those types of emphysema. 

OIjINIOAL. odservationb 

1- Bronchial Asthma .—^Having been stimulated by Dr. Carr’s observations 
m 1947, we began a series of patients with different types of autonomic surgery 
■n an attempt to control intractable broncliial asthma. The procedures utilized 
Consisted of (1) upper dorsal postganglionic sympathectomy, (2) high vagot- 
°rty, (3) plexectomy which we then thought was complete and now must 
consider ns partial or incomplete plexectomy, and (4) a more recent group 
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applying the complete plexectomy procedure. It must he sti-essed that certain 
postoperative mortalities whicli occurred early in this study appear to have 
lieen avoidable in view of subsequent experience. Patients with intractable 
bronchial asthma present a difficult physiopathologic entity to treat, and it 
would appear important to discuss these early deaths and the experiences ob¬ 
tained therefi’om. 


In one patient there was produced a contralateral tension pneumothorax 
during the operative procedure which in retrospect can probably be attributed 
to considerable difficulty in anesthesia induction. Any anesthetic agent prone 
to produce bronchospasm must be avoided in asthmatic patients. The particular 
drugs to avoid are sodium pentotlial and cyclopropane. The use of a good 
basal anesthetic such as rectal ether or avertin has met with considerable im¬ 
provement in regard to anesthesia induction in our experience. This patient 
with a tension pneumothorax on the contralateral side died twelve hours post- 
operatively during the insertion of a thoracentesis needle. The actual cause of 
death xvas attributed to air embolism. In two other patients there was an acute 
obstructive type of emph 3 '’sema, and since we were reluctant at that time to 
bronchoscope this group of patients, thej’’ did not undergo what we feel from 
autopsj’^ findings would have been a life-saving bronchoscopy. We feel that it 
must be stressed that the bronchoscope is an almost routine measure in the 
postoperative course of these patients. In a further instance a patient who had 
undergone an initial procedure on the left side with a fairly good immediate 
result died following the operation upon the second side carried out after a 
four-month interval, due to improper handling of a postoperative cardiac 
arrhj'thmia. This patient developed a I'ather severe auricular fibrillation an 
was given O.S mg. of Cedilanid intravenous!}' and this rlu'thm converted to a 
ventricular tachycardia. A second dose of 0.8 mg. of Cedilanid intravenous y 
wms given in the presence of this type of rhythm with immediate transforma 
tion of the ventricular tachjmardia into a fatal ventricular fibrillation. It niu 
be stressed that pre- and postoperative electrocardiograms are of consi 
value in the handling of postoperatix'e complications in this patient group, 
other deatlis occurz-ed in this series; both of these patients were over 70 
of age with complete^ intractable asthma. Each patient had shoxvn a 
response following sjunpathectomy on one side and died following le o 
tion upon the contralateral side. Both these patients had marked pi "ion 
destruction and suppuration and also advanced coronaiy heart sease. 
retrospect, one must consider that despite the apparent hopeless situa ion 
these patients w'ere too severe risks for the operative procedure. 

A. Res^dts in the Swgical Treatment of Bronchial Asthma Vi'ith 
thectomy Alone: The results obtained in the application of nppei 
ganglionic S5Tnpathectomy in a group of fourteen patients wnt in ^ 
bronchial asthma are presented in Table 1. In this group of patien 2 

subjected to bilateral sjTnpathectomj', 2 of whom died and jjas 

aged patients previously mentioned. Tliese 2 patients and one o as 

been followed for approximately twenty-two montlis must e con 
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complete failures. Tiic 2 patients who died were obsciwed for tliree- and four- 
month intervals Imtwecn operations, and no satisfactot^' response had been 
obtained from the initial procedure. Two patients liad upper dorsal post¬ 
ganglionic sjTnpathectomy on the right side only and Iioth of these patients 
have shown a verj’ satisfactory follow-np completely free of asthma eighteen 
and twenty-si.Y months, respeefively. Seven patients u-ci'O subjected to a left 
upper dorsal sjunpathcetomy alone. This group has piwluccd two complete 
failures \vith persistent asthma of equal severity to that Imforo operation. Three 
have had fair results in which the degree of asthma Ims been decreased at least 
50 per cent, and 2 have continned to be completely free from asthma for twelve 
and fifteen montlis, respectively. 

This group of patients was then re-evaluated as shomi in Table II to try 
to find a common denominator in regard to those patients who had a failure, a 
fair or good result, and those who had become asthma-free. In every instance 
it was found that those who had become cured or free of their asthma did not 
have major associated pulmonary suppuration or destniction. In those having 
such major suppuration there wore four eomjilcto failures and four in whom 
the result could bo classified as only fair. In this group repeated chemotherapy 
has Ixien utilised to hclj) control the postoperative situation and must receive 
a considcrahle proportion of the erodit for the “fair” group of results. Three 
patients undergoing this procedure, who presented a complete failure post- 
opcrativcly, were serious narcotic addicts in whom tlie addiction could not be 
controlled either before or after operation. The 4 patients who obtained apparent 
complete euro wore derived from a group who had associated disease in the 
thorax and who required an intrathoraeic procedure essentially for this asso¬ 
ciated disea.se and the .sATni)athectoniy was caiTied out in conjunction because 
of bnomi associated moderately severe or severe bronchial asthma. The 4 
patients who could be classified as cured had sjunpathoctomy of unilaterol ty'pe 


Tabu; II. IIno^•cnI.^L Asthma—S nirATHECTOiiv Aloni 
(Rou: or AsbocUtcb Disease) 



•Two narcotic addict* had dtfTus© »uppunitlon. 

tCoTclnoma of caophapu*: ctnphjTifinia; cardIo*pii*ni; nouroflbroina; carcinoma, lun^r, 
Wnpheml; carcinoma, lunc, irith auppumtloo. 
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in conjunction with (1) an operation for cardiospasm, (2) another mth a 
posterior mediastinal tumor, namely a neurofibroma, (3) another had a 
peripheral type of inoperable pulmonary carcinoma, (4) while the other had 
an esophageal resection for pidmary carcinoma of that organ. The patient ivith 
inoperable pulmonai’j^ carcinoma lived for five months vdthout any recurrence 
of what previously had been constant bronchial asthma. The patient haung 
cardiospasm had had intractable asthma for two year’s piior to operation and 
has remained completely free of asthma for eighteen months. The patient in 
whom a neurofibroma was removed had not been free of asthma for forty-three 
years prior to operation and has remained free of astlima now for nineteen 
months. The patient having a resection of the esophagus for carcinoma has been 
observed fourteen months postoperatively, and he is completely relieved of 
bronchial asthma which had been constantly present for twentj’'-two years 
previously. One patient in whom the result ean be classified as a failure had a 
bronchiogenic carcinoma vrith considerable suppuration and continued to have 
constant asthma for seven months follo\ving the procedure. One patient having 
a fair result had most extensive pulmonary emphysema and also dififuse sup¬ 
purative disease. It is our impi’ession, therefore, from this patient group that 
a good result cannot be obtained from sympathectomy alone in patients ha\ing 
diffuse destructive pulmonary suppuration. An equally hopeless group is the 
patient haring bronchial asthma wlio has become a severe narcotic addict The 
happiest results from symipathectomy appear to be those in whom no suppura¬ 
tive disease has occurred. 

5. Surgical Treatment of Bronchial Asthma hy the Use of Varying Degrees 
of Pulmonary Plexectomy: Kesults obtained by the use of attempts at pul¬ 
monary denervation or by transection of the vagus nerve just below the level 
of the recurrent laryngeal nerve are presented in Table III. There were 18 
patients in this group. Two patients had high transection of the vagus, an 
the results in both these patients were essentially unsatisfactory and at best can 
be classified as fair. With the application of partial or incomplete plexectomv 
or denervation there were 12 patients subjected to this procedure. Fom’ of 
patients died within the first three weelvs following operation and a fifth 
wdthout relief of asthma ten weeks following surgery. This 
patient had severe associated diffuse pulmonary suppuration and o 1®^ ^ 
benefit whatsoever from the procedure. One patient having a partia p 
tomy was distinctly improved and has been followed over one year 


Table IIL 


PROCEDURE 

Higli Eight Vagotomy 
Left 

Partial Plexectomy 
Left 
Bilateral 

Complete Plexectomy 
Left 


Broncuial Asthma—Plexecto.my or Vagotomt 


NO. OF 
PATIENTS 




Total 


18 


4 


5 
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mirgerj’; the seventy niid frcfiuency of asthmatic nttnoka have been considerably 
attenuated. The 3 patients in this gi'oup classified as good results could be 
classified in the cured group except for rare cxti’cmcly mild asthmatic attacks 
not requiring drugs in two instances and only rarely requiring drugs in the 
other. The 3 patients undergoing complete pnlmonarj’ denervation according 
to the methods of Blades have shown mncli better results. One is apparently 
cured, 1 is verj- markedly improved with rare asthma attacks, and tlio one 
patient having only a fair rcsidt has associated diffuse pulmonary suppurative 
destruction. 

0. Surgical Treatment of Jironchial Asthma hij Means of Autonomic Nerve 
Surgery Plus licscction of "Trigger Areas.’’ (See Table IV): It has been the 
experience of the authors to encounter 13 patients in the past throe years who 
had severe bronchial asthma in association with demonstrable localdied areas 
of pulmonarj' destruction. It is felt from clinical experience with this group 
that these localized areas in .some way played a productive role in relation to the 
patient’s bronchial asthma and have therefore been classified ns "trigger areas.” 
Prior to this group we had e.xperienee with lobectomy for bronchiectasis in 5 
patients having n-ssociated bronchinl asthma in whom the bronchial asthma 
persisted following the operative procedure. In this group of 13 patients, 8 
underwent some form of s.mpathcctomy in association with segmental pul¬ 
monary resection or total lobectomy. There were none in this group which could 
be classified ns a complete failure in regard to the effect of the operative pro¬ 
cedure upon the patient’s associated bronchial nstlima. Three had a result 
which could bo classified as only fair; 2 of those had bilateral bronchiectasis 
with bilateral segmental resection but the syntpathcctomy was confined to one 
side. The third in this group of fair results is a severe frank psychotic. Two 
patients having good results with resection of “trigger areas” plus a left dorsal 
postganglionic sjunpathcctomy have had very rare attacks of asthma following 
operation not requiring drugs. One patient with bilateral bronchiectasis under¬ 
going bilateral surgerj' had concomitant bilateral sjunpathectomy with an ap¬ 
parent cure. In all those patients acliieiing an apparent cure in this group 
there lias been comiilcte removal of demonstrable areas of pulmonary destruction. 
One patient had a right upper lobectomy for bronchiectasis and an associated 
high right vagus nciwe transection because of antecedent severe bronchial 

Table IV. Bronchial AsmirA —Autonomic Botwieet Plus Eeeection or Teiqqek Areas * 


NO. or -- I -,- 

PATIENTS FAILURE | PAIa j GOOD | CUBED 

Bjinpataectomy 

-Eigtlt 2 "21 

-Loft S n ^ 1 

-Bilateral 1 ° i ' 

High Eight VaguB Eo»ection 1 ^ 

Complete -Eight 1 r 

^ PlejceetoT DT -Left 3_ ^ 

_^Total --- 13 0 31 a V 

V ‘Eleven of the*e patlonta had awoclated re^^on or total lobectomr for 

bronchlectaala Three had exclalon of major localised tension bullae. 

tTwo of thU KToun have suppurative dl»ea»e still proeent on the contralateral ilde. One 
WUent U fnmklj j^ychoUc. 





578 


THE JOURNAL OF THORACIC SURGERY 


asthma, and she has been followed for twenty-six months and has had only two 
extremely mild attacks of astluna during that intenml. Four patients have been 
subjected to resection of apparent “trigger areas” along with complete pul- 
monaiy denervation and in all 4 of these patients an extremely satisfactory re¬ 
sult has been obtained. Of the 13 patients in this group, 11 had their "trigger 
areas” consisting of pulmonary segments or lobes destrojmd by bronchiectasis. 
The two remaining patients had local areas of major emphysematous huUae. 

In summary^ (see Table Y) we present experience with 45 patients vith 
severe bronchial astluna in whom autonomic surgery or a combination of 
autonomic surgery plus removal of “trigger areas” of pulmonary destruction 
have been carried out. The most beneficial results have been obtained in the 
patient group in whom resection of areas of pulmonary destruction plus a 
complete pulmonary denervation has been performed. Markedly beneficial re¬ 
sults have been obtained in those patients having removal of “trigger areas” 
of pirlnronary destruction plus either parasyrnpathetic or sjunpathetie inter¬ 
ruption. If the operative procedure is to be confined purely to the interruption 
of the autonomic nervous system, the patient should neither have evidence of 
serious diffuse suppurative pulmonary destruction, nor have evidence of major 
associated psychic disturbairee such as narcotic addiction. 


Table V. BnoxcniAL Asthma—Compakative Results Foliaivviko DirrEnENT 

Surgical Procedures 


procedure 

NO. OF 

PATIENT.S 

FAILURE 1 

RESULTS 

fair I 

GOOD 

1 cmni 

Dorsal Sympathectomy 

14 

5 

5 

0 

4 

Partial Plexectomy 

15 

9 

1 

3 

0 

Complete Plexectomy 

3 

0 

1 

1 

1 

Sympathectomy plus 

8 

0 

3 

2 

3 

Ehicision Area Lvmg Destruction 





0 

Partial Plexectomy plus 

1 

0 

0 

1 

Excision Area Lung Destruction 






Complete Plexectomy plus 

4 

. 0 

0 

0 

4 

Excision Area Ling Destnn^tion 
Totals 

45 

14 

10 

7 



5. Pulmonary Emphysema .— 

The authors are in the process of carrying out objective studies in 
of patients with severe pulmonary emphyuenra either of the primarily u o^^ 
type or of the interstitial type of emphysema. It is felt too early to be 
present objective resrrlts in this group of patients, but the prebnrmar 7 c 
results of this group are presented in Table VI. Several of these patien 
be classified to have what is termred “vanislring lung disease” and a 
evaluation of this group will have to be done both in regard to 
objective studies, and the future progress of the underlying vanis 
disease.” "We are able to state at the present time that syTuptomatic 
been obtained in four patients having autonomic surgery in associa lo 
resection of major bullae and in these patients at operation there wa 
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TAHLE PumONARY EUPilYSEltA 


rKOCHDTJnE 

Na OP 
PATIF.XTS 


FAiLunf; 

pAin 



Srmpnthoctoray 

'-Loft 

-Richt 

-Bflntcral 



1 

o 

1 

o 


Pleiectomy 
-Loft !l^rtial 
-Left Comploto 
-Rlpht Comploto 

BnUno 

-Sympatlicctomy 
-Partial Plex. 
-Comploto Plex. 




1 

1 

o 

2 

Total 

\2 

0 

1 

S 

4 

4 


to 1)0 nssocintcd (lidTiisc iiitorstitial cmpliysomn. Pour pntieiita linvc apparently 
good resnlts from left sympathectomy in one, hilntcral upper dorsal sympa¬ 
thectomy in two, and jjartial pulmonniy dcnen-ation plus rcmoAml of emphy¬ 
sematous bullae in one. Three patients have shown only fair results to date, 
and one must Im characterized ns a frank failure. It is felt that further ob¬ 
jective investigation and furtlier follow-up will l)c reijuircd in this group before 
being able to prasent any conclusions. It is important to stic.ss that wo do feel 
that we sec a considerable amount of bi'onclio.spa.sm in association witli extensive 
emphysema and that occasional patients apparently benefit from autonomic 
notwe surgerj- in this disen.sc. It is also felt that some patients with major 
emphysematous bullae evill benefit by using some denervation procedure in con- 
jimction with resection of the bullae if there is preopomtive evidence of major 
hronchospasm. 

3. Autonomic Surgery ns n Palliulire Measure in Inoycrahlc Broncliiogcnic 
Carcinoma .— 

The results of the apitlication of dilTerent types of autonomic surgery- in 
patients who, on cxplomtory- thoracotomy, were found to have inoperable 
carcinoma of the lung arc irrcsontcd in Table VII. There arc 10 patients in 
this gr-oup. In 194G and 1947, w-c carried out upper dorsal sympathectomy 
at the conclusion of the explomtoiy- operation in G patients and during the 
follow-up period achieved no Imneflt in rcgarrl to severe cough in 5 of these 
patients. In 1 patient there appeared to Im a comridemble benefit in regard to 
cough, but this patient also had associated bronchial asthma, and this sj-mptom 
was apparently relieved by the operative procedure. Since 1948, we have 
utilized high vagus i-escetiou in 4 patients with bronchiogenic carcinoma and 


Table vox iNorEnAnra: BnoNcnioonNio OAncisoitA—E xploration Plus 

AUTOXOMIC SUROEHY 


---- 

Ko. or 

EPPEOTrVT: 

NO 

raOCEDURE 

PATIENTS 

PALLIATION 

PALLIATION 

Sympathectomy 

0 

1* 

G 

ILrIi VaftuB Resection 

4 

4 

0 

Total 

10 

5 

5 


•ThU patient had aatlima and woe relieved for five niontli*. 
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have appeared to obtain effective palliation in I’egard to cough in each patient 
of this group. It is our impression, therefore, from a study of these 10 cases 
that upper dorsal sjunpathectomy does not have any usefulness as a palliative 
measure in regard to cough, while high vagus resection can be of considerable 
value. It should be noted that we have seen 3 patients with bronchiogenic 
carcinoma in whom at autopsy tlie vagus nerve on the involved side had under¬ 
gone complete destruction, and these patients’ terminal eoui-ses were rather 
strikingly free of intractable cough. 

4. Role of Associaied Autonomic Surgery Along Pulmonary Resection 
in Certain Cases of Bronchiectasis .— 

To date the authors liave tried the appheation of autonomic nerve surgery 
in association with pulmonaiy resection in a group of 14 patients with bronchi¬ 
ectasis. The patients with broneliieetasis in whom tliis operative procedure was 
considered were only those patients with bronchiectasis showing a major degree 
of associated allergy and bronehospasm. Many of these patients had actual 
asthmatoid attacks, but those we did not classify as time asthma. There was 
marked evidence on clinical examination of diffuse bronehospasm which was 
also showm on bronchogram. It liad been our experience to have several patients 
of this type in whom lobectomy liad been carried out and who had palliation of 
the major bronchiectatic symiptoms but continued to have some wheeze, some 
bronehorrhea, and other complaints apparently referrable to allergy and 
bronehospasm. In this group of patients (see Table VIII) upper dorsal sympa¬ 
thectomy was carried out in association with lobectomy in eleven. A satisfactory 
beneficial result was obtained in 9 while the 2 patients classified either as a 
failure or as fair had bilateral disease and bilateral resection but only unilateral 
sympathectomy. The patients having most satisfactoiy results were 4 who had 
unilateral bronchiectasis with associated unilateral sympathectomy and 3 who 
had bilateral resection associated with bilateral autonomic .surgery. It is our 
impression from this group that this type of patient does benefit by autonomc 
nerve surgery either of syonpathectomy or pulmonary plexectomy type, an i 
the patient has bilateral disease then bilateral autonomic neiwe interruption 
should be eari’ied out. 


Table Viil. Broncuiectasis—Plus Diffuse Bronohospasu Allergy 
(Pulmonary Resection Plus Autonomic Surgery) 



•Theee patients had bilateral seg^niental resection but autonomic surgeO'. 

tThree of the seven patients cured had bilateral resection and bilateral a 


5. Sympathectomy in the Treatment of Sovere Bronchorrh-eO'. 

Results in 2 patients having severe bronehorrhea in whom upper o 
sympathectomy was carried out are presented in Table IS. These 
both had very copious production of sputum with considerable associa e w 
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ing. Results in these 2 jmtients following sjunpatheetomy appear to be quite 
strildng in tlie rcduetion of the 24-hour sputum production. Those 2 patients 
are presented purely as a matter of interest only, and further study of this 
patient group will bo required before making any conclusions. 


TADi.r. I.\. HYur.vTUErrOMV von Bno.veiior.KiiEA 


TJTE 


rnoDuenoN 

DEFone 

si’noEnv 

rr.ODTJCTTON 

AFTER 

sunoEEr 

DURATION 

FOLLOW-Ur 

Unilftteml 

Left DL7 

R 2-5 

1 

14 OZ./24 hr. 

3 OE./24 hr. 

18 mo. 

Bilateral 

L 2-n 

1 

24 OZ./24 hr. 

IJ/j DZ./24 hr. 

7 mo. 


G. Atiloiiomic Surgery in Conjunction With Decortication and Beconstruc- 
iive Procedures in the Treatment of Cliremic Becurrent Pneumothorax .— 
Table X presents the results in 5 patients who were treated by the removal 
of bullae, overlying peel, and associated autonomic nen-o surgery for chronic 
recurrent spontaneous pnoumothorns. The roentgenograms on all 6 of these 
patients showed considerable assoeiatoil bilateral emphysema of the interstitial 
type Those patients, in all instances, had small hnllae on the side of operation 
which were felt to be the rcspomsilile agent for the recurrent pneumothorax. 
The addition of autonomic nerve surgciy was carried out because of the ap¬ 
pearance of the lungs on the x-niy studies as well ns the diffuse emphysematous 
appearance of the lung on the operative side. In all instances these patients 
showed some demonstrable objective c\idcnce of bronchospnsm prior to the 
operative procedure, and this was also considered ns part of the rationale for the 
addition of the autonomic nerve surgerj- to the other procedures. This group of 
patients Ls again too small to draw any conclusions, but tlie results appear to be 
good, and there appears to have been in each instance a considerable decrease 
in regard to subjective dyspnea which was present between episodes of pneu¬ 
mothorax or prior to the onset of the initial pneumothorax. The major reason 
for considering this typo of procedure is in regard to its possible application for 
the treatment of pulmonaiy emphj'sema. 


Tabu: X. CnrtoNio Eccukrent PKnoMornoavi —EEcoNSnuJcnvE ITiocedubcb Plus 

AUTOKOMIC SUKQE31Y 


PKOCEDDRE 

1 

ku^iber 

or 

PATIENTS 

1 RESULTS 

rAILUIfK 

FAIR 

GOOD 

REUEF FROII 
PNEDilOTHORAZ 
AND DYSPNEA 

UnllQe 






Bympatliectomv 

BoDae 

1 




1 

ploxectomr 

4 



2 

o 

Total 

6 



2 

3 


SUMMARY 

The authors present their experience with 72 patients in whom some form 
of autonomic nerve surgery has been applied in relation to pulmonary disease. 
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Forty-five of these patients were treated for bronchial asthma, and a comparison 
of the result obtained with sympathectomy, partial or complete plexectomv and 
a combination of autonomic surgery plus the removal of “trigger areas” of 
pulmonary destruction lias been presented. Experience ivith 10 patients utiliz¬ 
ing either a sympathectomy or paras^unpathectomy as a palliative measure in 
bronchiogenic carcinoma has suggested that parasympathectomy may be of pal¬ 
liative value in this disease. This Avould appear to confiim the experiences of 
Curtis and Klassen. A group of patients in whom autonomic surgery has been 
utilized as a solitary’- procedure or in conjunction with reconstructive procedures 
in pulmonary emphysema has been noted. It is the authors’ experience that 
pulmonaiy emphysema does involve considerable associated broncliospasm. A 
gi'oup of patients with bronchiectasis in whom tliere was major associated 
■broncliospasm and allergy but who did not have actual asthma is also discussed 
in regard to the effectiveness of combining autonomic nerve surgery' along ivith 
pulmonaiy resection. Five patients having chronic recurrent spontaneous 
pneumothorax and subjected to I’econstructive procedures plus autonomic 
surgery' are described. Finally, 2 patients are noted with severe broncliorrhea, 
who obtained beneficial results from syunpathectomy'. Another patient, treated 
three years ago, had repeated spontaneous pulmonary thromboses on one side, 
one of which progressed to actual abscess destruction of the right middle lobe. 
This patient was treated by' right middle lobectomy' plus doml sy'mpathectom.i, 
in view of the presence of arteriolar disease at the time of frozen section. This 
patient has continued well for three y'eai’s, but the role of autonomic surgery 
in this indirtdual patient cannot be evaluated in ^'iew of the fact that this 
patient has also been kept on constant Dicumarol therapy. 

CONCLUSIONS 

It is our opinion, therefore, from a presentation of the preceding clinicri 
experiences with 72 patients undergoing different ty'pes of pulmonary autonomic 
surgery, that: 

1. Distinct beneficial results can be obtained from autonomic nerve surgerj 
in certain types of pulmonary' disease, but 

2. Considerable objective data by' means of pre- and postoperative respira 
tory function studies irtll be needed before final conclusions can be made.^ 

Howev'er, on the basis of clinical evaluation alone, our experiences sUog 
that: 

3. Autonomic surgery, alone, in the form of complete pulmonaiy plexec omy 

or denerv'ation, should be markedly beneficial in the treatment of ^ 

bronchial astluna unless there is ertfience of associated suppurative p 0^^“ 
destruction, narcotic addiction, or major psychosis. 

4. Autonomic sui'gery, preferably' in the form of complete pu o’l 
plexectomy', plus excision of “trigger areas” of pulmonary' destruction 
markedly benefieial or curative in the treatment of intractable bronc na as ^ 

5. The only' autonomic surgery of palliative value in the treatmen 
vanced broncliiogenic carcinoma consists of transection of the parasy'm 
fibers (vagus nerve). 
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G. BroncliospnsnT ploys on ini])orlnnt role in the progress of pulmonary 
cmpliysemn, and autonomic surgery can bo of value in the sui'gicnl treatment 
of this disease, paitieularl.v ns an adjnnctivo measure to the resection of major 
hnllae. 

7. Autonomic surgeiy in addition to pulmonaiy itsscetion should 1)0 con¬ 
sidered in cortnin lironehieetatic patients with associated marked allergic and 
hronehospastic tendencies. If .such imticnts reiiuire hilnteiul pulmonary re¬ 
section, tlien bilateral nsso<Mntc<l autonomic surgery is required. 

8. Two patients with severe idiopathic bronehorrhea treated by upper dorsal 
sympathectomy are reported. In Imtli instances marked relief from broncho- 
rrlica was obtained. 

9. Autonomic surgeiy is considered a valuable adjunctive measure in the 
operative correction of elironic recurrent s)>onlnneous iineumothomx wiiero there 
is associated interstitial einpliyscma. 
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THE SUEGICAL TREATMENT OF INTRACTABLE ASTmiA 

Brian Blades, M.D., Edward J. Beattie, Jr., M.D., and 
William S. Elias, M.D. 

Washington, D. C. 


D uring the past thirty-four montlis 38 patients have been operated upon 
for severe asthma at the George Washington University Hospital. These 
cases were selected fi’om approximately 300 patients complaining of the disease. 
The 38 cases subjected to surgical inteiwention were completely incapacitated 
and all known conservative treatment had failed. There were 14 women and 


24 men. Their ages varied Horn 15 to 72 year's. The majority of the patients 
were in the third to the fifth decades of life. 

Operations for Asthma-. —^KiimmeU,^ in 1923, operated upon the sympathetic 
nervous system for the treatment of severe asthma. His early results appeared 
to be satisfactory. Approximately one year later, Kappis" was equally optimistic 
about the results of vagotomy for astlima. He divided the vagus on the right 
side below the level of the recurrent larjmgeal neiwe. Other surgeons in the 
past have employed varying techniques for operations on both the sympathetic, 
and parasympathetic sj^stems. Leriche and Fontaine® advocated stellate gan- 
glionectomy; and combined operations involving sympathectomy and unilateral 
vagotomy were employed by Kiimmell^ and others. 

Modem re\ivals of operations on the autonomic nervous sj^stenis inelu e 
Carr and Chandler’s^ reports on the role of dorsal sjunpathetic ganglionectomy 
for asthma, Phillips and Scott’s® use of operations on the parasympathetic 
sj’stem, and later Rieiihoff and Gay’s® contributions concerning bilateral posterior 
pulmonary plexus resection. 

An operation based on the same general approach employed by P 
and Scott® and later by Rienhoff and Gaj^ has been performed in our seri^- 

A left posterolateral incision is made over the fifth rib and after Hsioa 
of the overlying muscles a long segment of the rib is resected. The p eiira 


incised and the left thoracic cavity opened. _ 

The operation consists of the following steps: 1. Identification ® 
vagus nerve at the level of the pulmonary plexus. 2. The vagus is ^ 
retracted gently, but not cut. 3. The pulmonary plexus about the 
destroyed. 4. All branches of the vagus to the pulmonai'j' hilum an gl 

di\tided below the level of the recurrent laryngeal nerve. 5. The 
branches and the main trunk of the A'agus are saved. 6- The s lea is 

^ V '1 In T T116 puinionarj 

pulmonai'y artery and veins are removed as much as possiine. 


ligament is divided. 

From the Department of Surgery, The George W^ashlngton Unlverslt> Veterans 

Research Grant from the Research Division, Research and Bduca on 

AdmlnistraUon. Association fPt 

Read before the Thirtieth Annual MeeUng of The American 
Surgery. Denver, Colo., April 16-18, 1950. 
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Tlio chest wall is reponstiiicted in layers with an intercostal catheter placed 
in a separate stab wound and connected to a water-scaled bottle. 

Tliero are considcmblo variations in the patterns of the vagns nen’o dis¬ 
tribution to the lungs. Oljscn’nlions during 44 operations and dissections on 12 
fresh cadavers revealed that the nerve supply to the left lung is considerably 
greater tlian the right. On the left side one can usually find two relatively large 
trunks of the nerve wliieh go in and about the sheath of the pulmonary artery, 
and hvo largo branches to the loft bronchus. In addition, on the left four to 
eight major filaments are present, distributed between the arterj’ and bronchus. 
No largo branches can be seen going to the sheath of the veins. The nerve supply 
to the artery is less than that to the bronchus but is abundant. 



Fie. I.—Phototraph ot the diatributlon of tlic ner\-c at the left pulmonUT hlhnn. 


On the right side there arc usually only two or three main branches and 
two to four finer filaments. On the right side it appears that the greater portion 
of the nerve trunks go to the main bronchus, witli a meager supply to the artery 
as compared to the left side. 

Kg. 1 demonstrates a dissection of the left hilum with two major and two 
nunor branches going to artery and bronchus. In Fig. 2, the right hilum is 
shown with sLv branches to the bronchus and only one branch of significance 
to the pulmonary airicry. 

Selection of Patients .—Only patients who have been completely incapaci¬ 
tated from the disease have been selected for surgical intervention. The diversi- 
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form nature of asthma, vague multiple etiological factors and utter lack of 
precise knowledge of the physiologj^ of the nerve supply’of the lungs leaves onlv 
an empirical approach for choosing subjects for operation. 

The first patient subjected to operation was a 29-year-old white woman 
who had had severe asthma for fifteen years. During the four years before the 
operation she spent the majority of her time in a hospital. 

She -was first seen in June, 1947, at which time she was receiving oxygen 
and helium and her condition Avas critical. Adrenalin, aminophylUn, Benadryl 
and, finally, ether in oil and avertin were given with no appreciable effect on 
the status asthmaticus. Finally, 50 c.c. of ether in 1,000 c.c. of saline (100 rag. 
per Idlogram of body Aveight) AA^as given. The status Avas broken and about two 
Aveeks later the operation Avas performed. In this first case hi Avhich a left-sided 



Fig. 2.—Appearance of the vagus ner-ve at the right pulmonarj hilum. 

denervation Avas done, there has been com])lete relief from the disease for 


four months. The left side has been the site of initial operation in 


X i. ^ l' ~ , 

sequent cases because of the relative abundance of nerve supply- Later 
to treat severe asthma by surgical intervention Avere stimulated by t RS oi s 
dramatic result. 

It, of course, occurred to us that factors other than the ^.gi-e 

have been responsible for the relief. Accordingly, in 12 cases pa 
subjected to avertin-ether anesthesia from one to four hours an j j.e 5 j,ite 
recoAmr from the effects of the anesthetic. In our series, the on^es 
from an asthmatic attack A\'as forty-eiglit hours. 
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The same prccnution ivns taken concerning the effects of bronchoscopy on 
the astlimatic patient and again relief for more tlian a few days ivas not 
obtained. 


RESULTS 32 PATIENTS left oPERATtoH 



I 8 PATIENTS I I 4 PATIEN TS 


Flff. 3,—The rcuultA In X2 patlcnU u, left pulmomir>' tlrnen-ntlon. 


RESULTS 6 PATIENTS 
GOOD RESULTS I BAD RESULTS 



ASTHMA BaSTHMAASTHMA 


IMPROVEDiUNCHATf WORSE|^tT 

7 MONTH? 
AFTER 



DEAD 


4 PATIENTS I 2 PATIENTS 

Eic. 1.—The riHiulU In «bc pnUcnUi Innited br bllatemi pnlmontiry acnervatlon. 


Several methods have boon employed in an attempt to find an objective 
test fo estimate whether or not operative interference would be Imneficial. Reac¬ 
tions to injections of adrenalin, aminopbyllin, mid other drugs have not, in our 
“ones, been useful in the selection of patients. In this connection it is important 
to record that more than 50 per cent of the eases were “adronalin fast.” 
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Studies of lung volume, including determinations of residual air, have 
offered ilo help in the selection of patients, hut have been useful in evaluating the 
postoperative results. Attempts to obtain hronchospirometric readings have 
been abandoned because the patients have been so short of breath reliable data 
could not be obtained. 

Resrdts .—The results in 32 patients subjected to. left-sided denervation are 
shown in Fig. 3. Of the 32 eases, 11 are free of asthma; 7 patients believe they 
are definitely improved; and in 7 the disease is imchanged. In 1 the asthma is 
woi-se. The categories of improved and worse, in our opinion, have little 
significance. 


EMPHYSEtVA AND COR PULMONALIS 


AOm TOTAL PTS. 


30l 


20 


»0 



EMPHYSEMA TOTAL 

DIAGNOSED ENLARGED E C GS 
ray pulmonary 

ARTERY IN 
25 X RAY 



Pig. 5.—Incidence of emphysema and cor pulmonale In 3S patients with 


In the entire series of 38 cases, there has been one operative death. 
in a man 73 years of age, who had suffered from severe asthma foi 
and had far-advanced emphysema and cor pulmonale. He was in t e o 
for some time and we were persuaded to undertake the operation eca^ 
had threatened to commit suicide if something was not tried in gjpjjig 

operation was tolerated well, but on the second postoperative day, w ® 
in a chair having breakfast, he died suddenly. The been 

revealed a spontaneous pneumothorax on the right side; the e to 

operated upon. The remaining six deaths occurred at jn this 

eighteen months following surgical intervention. The late mo 
group of cases is not surprising when one considers the inci 

monale and advanced emphysema in these patients. _ shown h* 

The results in patients subjected to bilateral denervation aie 
Fig. 4. Three patients are free of asthma, one considera himself giea ^ ^ patient 
and the disease is unchanged in one. The one death in this pulmonale 

who was free of asthma for seven months after operation. He a pg^juission 
and severe emphysema and was found dead at home by his ami y. 
for post-mortem examination could not he obtained. 
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'Emphysema and Cor Pnhnonah. —Pig. 5 demonstrates the incidence of 
emphysema and cor pulmonale in the group. A clinical impression of emphysema 
was not accepted and only in those patients in whom emphysema was obvious 
on roentgen examination was tlie diagnosis recorded. Cases included in the 
column labeled enlarged pulmonary' arteries arc those in which an unequivocal 
diagnosis of cor pulmonale could bo made. These data make obvious the reasons 
for the late mortality in the group. 

It is interesting and somewhat bcinldcring that relief of sj’niptoms was 
effected in patients with emphysema in about the same proportion as in those 
without this complication. 

EFFECT OF OPERATION ON LUNG VOL¬ 
UME IN ASTHMATIC PATIENTS WITH 
__EMPHYSEMA_ 


«250 



Flff. 0.—An example of lurve volume studlon In n patient with asthma and emphysonm. before 
and after operation. 


Lwig Volume Studies .—Fifteen patients have been studied before and after 
operation -with measui'ements of total lung volumes and tlie percentage of 
residual air, utilising a helium spirometer modeled after the hfcJIiehael 
modifleation of the Christie method. A Sanborn spirometer and a helium-air 
ORalyzer manufactured by the Cambridge Company have been employed. Pig. G 
reveals the apparent effects of the opemtion on lung volume in a patient with 
severe asthma and emphysema. The interval lietween the preoperative and post¬ 
operative studies was eleven days. Temporary reduction in vital capacity is 
oxpcctcd after any intrathoraeie operation. Longer periods of observation end 
a larger series of patients iTiU bo required before definite conclusions on the 
effects on lung volumes can be accepted. 
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Fiilmonary Artery Press^ires .—Pulmonaiy arteiy pressure readings before 
and after operations in human subjects have been hampered by technical 
difficulties but vnll be accomplished in the future. The importance of these 
studies is suggested by observations made on dogs -which have had bilateral 



Fig. 7.—PiUmonarj' artery pressures In a normal Jog. 
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Fig. 8.—Pulmonary arterj' pressures In a dog following bilateral pulmonarj 


1. dencr^-atlt"'- 


pulmonary denenmtions. Control animals were subjected to bilatera ^ 
tomies -without intei’ference to the nerve supply. The other series o 
bilateral denervations comparable to the operation which has been 
in the human being. Fig. 7 reveals normal pulmonary artery pressure 
in a control dog, of 32 mm. of mercury systolic pressure and 10 mm. o 
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diftstolio. Pig. 8 demonstrates tlio pressure tracing on a dog subjected to 
bilateral pulmonain- denen-ntion. The pressures in this animal were 17 mm. 
of mercury systolic and 3 mm. of morcurj- diastolic. These changes in pressure 
are to l)c confirmed in tlie human being but the findings arc suggestive. 

Bamifications of attempts to study the functions of the vagus nerves in¬ 
clude oljservations on tolerance to lycopodium spore injections in normal and 
dcncirated animals and obsen-ations on cleetrocardiograpbic tracings in both 
human beings and animals mtb cstensive vagus nerve destiiiction. These will 
he reported in separate communications. 

RUMIIARY 

A total of 38 patients have undergone sui’gical intervention for the treat¬ 
ment of intractable asthma. In 14 eases the imtients arc free of disease. Eight 
patients consider thentselvcs improved. In 8 cases the disease Is unchanged; 
and in one instance the tLsthma appears to be worse. Tlicrc was one postoperative 
death and six late deaths. 

These data demonstrate tlie bewildering eoaseiinenccs of an empirical 
surgical approach. 
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DR. A, J. GKAOE, London, Ontario.—This problem intoreatod mo first in 1045, and at 
the 8t Louis meeting whoa Dr, Carr presented his paper on autonomic o'ork along this 
hue, I presented a brief survey of 11 cases, a very small series, which had been done in 
the preceding 15 months. Actually, that discussion did not find Its way into the Journal, 
for some reason, and I thought It might be worth while to bring up the clinical survey of 
those cases to date and to put that material in tabulated form. I am omitting further 
rases done more recently. There are a few; I have limited them strictly because of the 

*Se« pQue B6i for article by Klassen, Morton, and Curtis. 
tSeo page btj for article by Abbot! Hopkins, and aullfoU 
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Follow-up Eesults : Bilateral Pulmonary Vagal Denervation for Intractabli: 

Asthma 





DURATION 



-- 


AGE 


DISEASE 

OPERATIVE 

RESULTS 


PATIENT 

(YEARS) 

SEX 

(YEARS) 

YEAR 

EARLY 1 LATE 

DEAD 

A. I. 

37 

M 

3 

1946 

Good Good 

— 

E. J. 

27 

M 

8 

1946 

Good Good 

— 

M.R. 

31 

M 

25 

1946 

Good Good 

— 

H. S. 

55 

M 

28 

1946 

Doubtful Fair 

— 

E. W. 

56 

M 

26 

1946 

Fair Fair 

— 

F. S. 

70 

M 

16 

1946 

Good — 

4 months 

D. P. 

24 

M 

15 

1945 

Fair Poor 

2 years 

F. T. 

35 

F 

10 

1946 

Fair Poor 

— ■ 

E. B. 

44 

M 

7 

1946 

Poor Poor 

— 

F. E. 

50 

M 

27 

1946 

Poor Poor 

— 

E. S. 

51 

F 

3 

1947 

Poor Poor 

U/i years 


confused state of our thinking and understanding of the basic physiolog)’’ involved, and 
have felt that we should be forced into this procedure only for absolutely hopeless cases 
of the type described by Dr. Blades and our other associates. 

This slide tabulates the essential data on 11 cases completed between November, 
1945, and February, 1947, giving a follow-up period e.-cceeding three years in all patienti 
The age and sex of each patient are listed along with the dimition of disabling asthma 
The operation was a fairly radical type of resection of every demonstrable vagal connection 
on both sides, done in two stages. An attempt has been made to evaluate the status o 
each individual in relation to the passage of time. I wish to emphasize the fact t a som 
patients failed to maintain initial improvement, while one patient in particu , 

gain steadily with the passing years, after a disappointing immediate response. ^ gen 
I am not happy about the results in the older age groups, although the man / years 
age seemed most successful until his early death on a cardiac basis. 

In this very limited series the only striking results were shown by the 
relatively j'oung men; each of these has been restored sufBciontly to hold down a 
job satisfactorily, something which was absolutel}' impossible before 
cases encourage one, but I am not at all sure that even they are in anj sense 
their asthma. They are free from any gross disabUitj'. jolts” 

As stressed by Dr. Blades and others, we must be very careful in assessing 
after any operative procedure for asthma. The time factor must receive ^ 
along with manj' other variables. The entire problem calls for much more m 

DE. ROBEET P. GLOVEE, Philadelphia.—Our results with complete 
the lung, at least our understanding of complete denervation of the lung, jeoiove 

two-year period, are summarized on the first slide. Our operative appronc ^i^^ 
or resect segments of all the branches of the vagus nerve on the left si 
side, from the recurrent larjTigeal nerve down. Wo do not transect t e inch 

the vagus nerve. We also carry out a circumcisional denudation of an area 
along the course of the bronchus, the pulmonarj’’ artery and the pulmonary^ period 
move or detach the inferior pulmonary ligament. This has been carne 

of two years. carried 

We were stimulated in this work by the work of Carr and of Blades. ^ 

out a unilateral procedure on the left side in 25 cases and a ^'^g^Pjjjpnoved; their 

Five of these patients are now asjTnptomatic; 6 others we consider o e^ iphere are 
trouble at present is concerned with secretions and not with asthma per 
unimproved cases, including four deaths; two of the latter were opera iv^,^ 
died in what appeared to be status asthmaticus. Two of^ the unimpro ^ j^prove the 
major bronchus completely transected and then repaired; it did no second to the 

result. Four other cases had removal of the sympathetic ganglia ro 
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fifth thoracic vertebrae nlso without improvement; one of those was bllateraJ. All these 
cases have been followed to date. As a matter of fact, wc are having difficulty in some 
instances in losing the patients, pnrticnlarly those who arc still having trouble. Sections 
removed from the lung in one-half the cases have been ommined pathologically, and in 
only one was there evidence of emphysema. 

DB. LA'WBENCE MISCALL, New York.—In 1942, we reported 21 cases upon which 
we had done some form of sympathectomy for intractable asthma. Those wore patients 
who crowded the Bellevne Clinic. They had run through the gamut of all roodieal enro 
but they were there dally. Wo tried to select patients for surgery in this way: the 
medical service had turned them over as being unaided by anything they could offer. We 
took patients who had not boon treated for an extended period of time in the allergy 
clinic; most had been labeled os intractable asthma on a recurrent Infoctlonal basis. We 
were prompted to attack from the sjTOpathetic side rather than posterior pulmonary plexus 
resection because of the experience of Blcnhoff. We selected patients for operation only 
after they had been benefited by a stellate block. Of 61 patients whom we blocked we 
were able to obtain variable relief In 47, or 78 i>or cent. Of this group wo accepted 21 
patients for operation because of a definite improvement after block, which was not main- 
Ulned. In 1042, wc had followed them for from two months to two years. We were 
greatly Impressed with the group. Wo thought wo had the method by which we could 
select those who would be benefited by operation for a long period of time. 

The war came along and the work was suspended. Since the war we have been able 
to follow 11 of these patients; 6 have had good results; the others have had miserable 
failures, which is about n fiO per cent failure mtc. Since that time wo have been doing a 
much more ■\ridesprond operation; resection, bilaterally, of the upper dorsal chain and a 
parasympathetic donorvatlon. Oor results are still no better. We can obtain only about 
50 per cent cures. I thluk this depends upon what one considers a enro. The only ones 
we have accepted are patients who do not come back to the Clinic rontinely. I think the 
solution of the asthma problem Is going to come when we are able to define a disease and 
not l>e treating a symptom coraplox. 

DR. RALPH ADiVilS, Woodburj*, Tonn.—One may fnrlhor confound confusion by 
a report on 21 patients, the lost one operated on more than n year ago, oil of whom at 
this time have proved to l>e failures. Some of those cuses wore reported following Dr. 
Carr's report; some of those, as some of the coses reported this morning, were brilliant 
^rly successes and led us to perform further operations upon additional patients. The 
problem at this time seems to me to be similar to that of romo\Til of the thymns gland for 
myasthenia gravis nncomplicated by tumor; follow them long enough and they will again 
have myasthenia gravis; as tho asthmatics will again have osthniQ. 

la the section of the countrj’ where I live, financial considerations are of greater 
importance than In some sections where I hove lived. It was of interest to determine the 

to the patient in a group of eight of these denervations for asthma. The cost of 
hoipluiizatlon, for these patients ha\dng bilateral combined extensive sympathetic and 
parasympathetic denervations, ns I understand it, was slightly over $500 per patient. 
In the end, these patients, if they are still alive without hn^^ng died from a recurrent 
attack of status osthmatiens, have had no more than a term of symptomatic improvement 
from operation. That amount of money ^vill buy a great deal of aminophyllln or adrenalin. 

DR. DUANE CARR, ilemphis, Tenn.—I, too, am from the low income section of 
the country. From the excellent presentations that have been given, it becomes apparent 
that a certain number of patients with previously intractable asthma ore definitely bene¬ 
fited by any one of the various surgical attacks upon the autonomic nervons system. But 
the wide variation in results obtained indicates that none of the procednres strikes at 
the root of the trouble. 
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It so happens that vre favor the dorsal s^Tnpathetic ganglionectomy because it is so 
cheap; at least it involves less surgery than the more radical transpleural operations and 
is therefore better tolerated by some of these extremely ill patients, and ive believe this 
operation gets away from the postoperative pulmonary function restrictions wHch do 
occur following a transpleural operation. The results obtained are not materially different 
from those repwrted following more radical procedures. 

I believe it becomes apparent to everyone that there must be in asthma some basic, 
fundamental, underlying disease of the autonomic nervous system. Asthma is but one 
manifestation of it, and is perhaps closely' related to other degenerative diseases such as 
hypertension. It has been a common finding that in each ganglion removed for the treat¬ 
ment of asthma degenerative change has been found. This is not only our observation 
but that of others. 


In addition, wo must know something more about the modus operand! of asthma. 
It has not been proved by anyone that bronchial spasm actually' exists; a simple demon¬ 
stration of diminution of bronchial caliber does not necessarily mean bronchial spam 
There is not one whit of evidence to show that bronchial muscles contract to throw the 
patient into an asthmatic attack, any more than there is to indicate that the nasal bones 
contract when one has an attack of hay fever. We do know that changes in the bronchial 
mucous membranes occur as a result of numerous stimuli, such ns direct contact with 
allergens, changes in temperature, emotion, infection, and a host of others which do not 
produce asthma in a normal individual. 

We are impressed with the way asthma disappears in the youngster as he reaches the 
age of puberty, and the improvement in asthma as a result of the demand stimuli of an 
operation. It occurs to us that a fruitful field of investigation is the determination of the 
pathologic changes occurring in the autonomic nervous system in asthma, and in its govern¬ 
ing hormone producing organs. Every patient dying of status asthmaticus, or who has been 
a chronic asthmatic, should at autopsy have a meticulous microscopic examination of the 
autonomic nerves and ganglia, and of the hy'pophysis and adrenal corte.v at least. Until 
we learn what the basic pathologic and pathophy'siologic action in asthma is, our treatment 
by attacks on the autonomic nervous system will be empirical, and all medical treatmen 
will be no more than symptomatic. 


DE. H. J. STANFORD, Tucson.—I should like to add to the comments of Dr. Adams 
and Dr. Carr, that perhaps our approach to the treatment of bronchial asthma is no 
e.vactly' in the right direction. Sly own early' enthusia.sm following some highly sat ae 
tory results has tmen dampened by later failures. This docs not mean that we ® 
discard surgical treatment. However, I can best illustrate the need for further stu y . 
giving the case history of one patient. 

This man was first treated for involutional melancholia back east and receiv^^ 
electric shock therapy. He improved and went back to work as a factory executive. 
year later he developed intractable bronchial asthma and went through the 
treatment for this condition. He had revere asthma for the ne.xt five years, 
repeated hospitalization. About six months ago, I found on bronchoscopy niacns 
marked bilateral bronchial spasm and blockage of the bronchi with inspissate 
and bronchial casts. Following this, I did n right-sided pulmonary' denerva lo 
included the sympathetic chain down to the sixth thoracic, the posterior pulmonary p 
and stripping the pulmonary- artery. 

During the first three postoperativ-e days there was no improvement. Fro 
fourth day on he had complete cessation of his asthma which lasted for five 
this his asthma returned and, in addition, he went into a manic psychosis s 
psychiatric consultant called in advised shock therapy. He was flown j,ej( 

he received a series of electric shock treatments with no improvement. 
given a course of ACTH therapy for ten day-s. This was more than two mon 
He had an immediate remarkable cessation of all his symptoms, is bock at wo > 
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had no ruithmntic nttnekf* to Onto. Tho rottuU of the therapy U'ith ACTII is uhat I Trish 
to emphnsiro, beenuso it points to n possible now' approach to tlio entire problem of causa 
and treatment of bronchial tistbmn. 

DR. J. n. WALKTiR, Boston.—Wo hnvo been dolnp surperj' at tho Ovorholt Thoracic 
Clinic for bronclilnl nsthnia for two yenrs. Wo have studied tliia fcroup of patients through 
smpathetic blocks and bronchography, nnd it bns been most interesting to us to Und 
that 40 per cent of our 25 patients luvvo had somo 137)0 of abnormal locnlitcd pathology 
that has needed resection. Thirt.v-flvo per cent of our patients have responded to sjtu* 
pathetic block nnd have had s^mipathetie surgeiy. We hnvo noted improvement in n1>out 
two-thirds of these. Three of those patients had 011 I 3 ' one lung, one •was congenital nnd 
two from pnounioncctom 3 ' eight to ten \'oars ago; two of those patients hare had dramatic 
results. 

It is interesting that none of tho cases treated with svmpathectomy, or that responded 
to a block, have had any loonlired pulmonnrv patholog 3 '. Cnsea that wo have treated by 
pulmonar}' neureclomx' nnd excision of diseased pulntonnry tissue have given the beat 
results. Wo Jinvo noterl improvement in about 73 per cent of them, nnd it hns been a 
most satisfactory 137)0 of improvement. I want to repeat, that his hna been done onl 3 ' 
for a period of two years. 

DR. EMILE HOLifAN, San Frnncisco.—Wo are indeed indebted to those various 
author* for bringing us up to date on tho surgical efforts to cure this intractable disease. 
I am wondering, however, if wo arc not on Iho verge of a new era in treatment of this 
disease, as suggcsto<I 1 ) 3 * one of tho preceding speakers. A member of our facult 3 ’ has 
for thirteen 3 'enr* injected himaclf every two to three hoars, night and day, with opinophrino 
for bronchial asthma. In periods of stress, as during n lecture, be boa injected himself 
a* often as evor 3 ' thirty minntes. On hfnrcli 7, JPoO. he entered tho hospltnl In a state 
of severe asthma; intravenous aminophyllin failed, nnd opinephrino no longer prodacod 
the same ofTects ns formorl.v. Ho had marked pulmonary edemn. On Hnrcb 7, ho received 
100 mg. of Cortisone inlrnmascularly; on March 10, ho said bo felt better than he had 
la live 3 ’earji, and glcofuIl 3 ' rci)ortcd that he bad injected himself onl 3 ’ four times in the 
preceding night. Tho Cortisone was dropped on March 13, to 33 rag., nnd he is now on 
a daily maintenance dose of 25 mg. of Cortisone, nnd is completely free of nsthrao. 

DR. GEORGE AL CURTIS, Columbus, Ohio.—Our ^tndie8 have been made in an attempt 
to find somotluug helpful concerning the clinical pin'slology of the human tracheobronchial 
tree. And, coEscquontl3', intractable asthma, wideh* thought to bo a manifestation of smooth 
•uusclo pposra, has become a part of our obseT\-ntioD. 

Five features of the ncorophA-siology of Uic human bronchi have come under this con¬ 
sideration; tho flrgt, tlio sensor}' nerve suppl}' of the trachoobroncliinl tree. This hns been 
fairly well ^vo^ked out from the standpoint of tho anatomist; however, it needs Ijctter clinical 
application. It hns become apparent that pain of trachoobronchial origin is carried to tlie 
central nervous s 3 Tjtcm largcl}' throngh the ■)‘ngu». Tlie cough reflex is initiated and the 
resultant Impulses ore carried to the central nervous system mainly by means of the vngus. 
Tliose are our two most useful clinical findings thus far. 

The second 1ms to do with the motor activity of the smooth mueclo in tho tracheobronchial 
tree. There is a definite hand between the ends of the horseshoe formed by tho trachcfil 
rmgg. There are definite shentlis around tho bronchioles. It Is diflieult to dissociate smooth 
muscle from the clinical picture of intractable asthma, even if we consider, as Dr, Holman 
^ suggested, tho existence of a hormonal mechanism. Tho motor control of this smooth 
™u*cle appears to an extent through the vagus. In fact, the vagus hns been termed tho 
pulmonary motor nerve.On the other band, our studies on bronchial asthma appear to 
.show that after bilateral vngus section tiiero remain* aposra of the broncldol smooth muscle. 

Our third approach lins concerned tlio secretory activity of tho bronchi and of the 
tiuehea. There aro two types of secretion: tho first, from the goblet cells in the epithelium; 
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the second, from the bronchial glands, wHch are mixed glands and therefore may at 
form a thick, more mucoid secretion; or at other times, a more watery fluid. The Derre 
control of bronchial secretion thus becomes important. It is questionable, however how much 
nerve control e.xists over tlie g'oblet cell. 

Our fmvth point has to do with ciliary activity. This is of considerable significance. 
Thus, in the discussion this morning we heard that if high vagotomy is done the patieat 
may develop a wet lung. One might think that this could be due to inadequacy of the cilia.' 
Ciliary movement is one of the oldest forms of movement, next to amoeboid. There is no 
apparent connection between the nervous system and ciliary activitj’. 

The fifth factor has to do ■with the causation of edema of the bronchial mucosa. Edema 
may be precipitated by psychosomatic factors. Therefore there is possible an efifect from 
the central nervous system. 

Wo have approached the problem through tliese flve avenues, from the standpoint of 
useful cUnical physiologj'. However, thus far we have not the solution of intractable asthma, 
since we feel the same as others who have expressed themselves this morning. 


DE. E. A. GAENSLEE, Mattapan, Mass,—Objective physiologic evaluation of patients 
■with bronchial asthma before and after surgery for its TcUef are of the utmost importance. 
Only results of such laboratory studies will eventually show various surgical procedures in 
their proper light. In conjunction with a preoperativo medical and psychiatric evaluation, 
such physiologic studies should be expected to do three things: (1) aid in ruling out a 
number of patients whose respiratorj' difficulty is due to causes other than bronchial asthma; 
(2) gpve an early indication between and after surgical stages of the results of suoVsnrgay; 
and (3) formulate a set of physiologic findings and responses which, after some-experience, 
will aid in the preoperative prediction of the likelihood of success of surgery. 

A number of interesting and valuable objective observations for tlie study of astoa 
have been described tliis morning. We presume to add a number of suggestions deriv^ 
from our experience in the study of more than 120 patients with varjing degrees of bronchia 
astluna and pulmonary emphysema, only because the number of patients ■with astiuna o 
sufficient severity to warrant surgery is at the present time small, and we feel that an eatliw 
and better evaluation of such surgery will be possible if more and better tests before an 
after surgery are used for the evaluation of results. 

Vital capacity determinations are not only unreliable in the presence of hronckospasm 
and/or loss of pulmonary elasticity, but also give a false impression of the degree of p 
monary insufficiency present. The maximum breathing capacity is the single most 
test except in those patients where attacks of asthma are elicited by this test S ^ 
patients with bronchial asthma could not ho carried out on one or two occasions, 
should come to the laboratory at scheduled repeated time intervals, and identical tea s o 
be repeated at weekly or biweekly intervals for at least four to eight weeks, ia order 
the patient an opportunity to become acquainted with the laboratory staff and t e 
devices. Only such repeated studies can possibly lead to a relatively good 
asthmatic patients where functional results often varj' a great deal more 'wi jjoj 

business conditions than with medical or surgical therapy. Tests should be 
only after the administration of bronchodilator substances but also after arfificia 
of asthma by iatravenous injection of histamine and methacholine, as outlined 7 
LoweE and Segal and Beakey. Preoperative responses to one or the otiier drag ® 
tually give a cine as to good prospective surgical candidates. Bronchospirome^ ngtlimatk 
between, and after surgical stages lias been found of great value, particular 
attacks are induced as outlined above, during the course of the procedure. ^ gpi^ratoty 
matographic studies between and during attacks aid in the measurement o 
expiratory time ratios and air flow velocities. ^ surgcU 

A small number of patients studied b}' us in tliis manner during and 
have all had bilateral vagectomy below the recurrent laryngeal nerve, and Earkea- 

plexus resections—operations carried out by Dr. Jolm W. Strieder and Pr. wig 
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No concluFioiw rnn bo drawn at this time, but three obsermtiona may be recorded hero. 
Unilateral opemtiona Imvo been found to bo of no vnluo, Patlentfl witli advanced pulmonary 
empli>T*cma, aocondory to lonp*Blnnding bronchial asthma as evidenced by poor bronchodilator 
and bronclioconstrictor rcj^ponse, persistently larpo residual air values nod persistent low 
arterial oxygen tensions and high carbon dioxide tensions after cxereise, have not benefited 
by such surgery. Interruption of the innervation of tho lungs cannot bo exjKJCted to repair 
lungs with permanent and irrovcrslblo anatomic destruction and disruption. And, lost, there 
is good evidence oblnincnl during bronchospiroinotry with artificially induced asthma, that 
occasional patients have j)re<lominantiy unilatonil asthma In the ab^nce of unilatorol ana* 
toraic disease. 

DR. MORTON (Closing).—Tliis dtscossion has been quite prolonged, so I merely wish 
to thanh the men who have participated. 

DR. ABBOTT (closing).—Tho lack of satisfactory results in the presence of diffuse 
suppurative disease or in cases with nonresoctablo nmoants of pnlraonaiy destruction should 
be stressed. I suspect that after a certain duration of disease, results from complete plcxec- 
tomy are loss satisfactnn,-. The loss of ciliary function in long-standing bronchial asthma 
Is well known. 'Wo feel that with proper selection of patients, pulmonary denervation will 
find its proper place in the trentinont of bmnchial asthma. 

DR, BLADES (closing),—It soonia to mo the principal accomplishment of this 
morning’s discnsslon has l>een to stimulate interest in the surgical treatment of asthma. 

The coats of hospitallcntlon In Tennessee are nmoting. In my opinion, a $500 par- 
chose of adrenalin for tho ndrenalia-fast patient is as poor nn investment os $o00 spent 
for hospitalisation without good results. 

The presence or absence of bronchial constriction cannot, in my opinion, be deter¬ 
mined accurately either by bronchogmms or bronchoscopic oxamlnatioDS. Dr. Holman's 
comments on the use of Cortisone in the trontmont of asthma are interesting. Tho avail¬ 
ability of this drug may change tho whole problem in tho treatment of asthma and make 
surgical intervention completely undoslrable. 

The psychogenic factor in asthma hos been mentioned. This is well known, and 
perhaps if these patients wore subjected to prefrontal lobotomy they might still hare 
asthma but would not care. This important aspect of tho disease is one of the many 
imponderables of tho question. 
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INTRODUCTION 

T he rapid advances in surgeiy of the tlioracic viscera wliicli have occurred 
during these last twenty-five years have made licaling and regeneration of 
tissue vvitliin the traclieolironeliial tree of significant practical importance. 
Taffel,^ in 1940, reported the use of fascia in the repair of small tracheal defects 
in dogs. Daniel,- in 1948, reported experiments in which rigid tubes were used 
to bridge defects in the trachea and the primary bronchi. He discussed in 
detail the gi’owth of the traehcobronclrial wall in relation to these rigid tubes. 
Hanlon,® in 1948, repoiTcd his observations in dogs, where gelatin sponge was 
used in the closure of defects of the bronchus. Jacieson and associates* published 
experiments in 1949 observing the results of end-to-end anastomosis of the 
bronchi followuig resections of segments of tlic primary jrronclnis. They found 
this could be perfonned successfully in dogs without significant morbiditj to 
the lung or bronchus either functionally or anatomically and describe a 
tedmique in detail. 

However, the problem posed in the liridging of extensive defects o e 
trachea and bronchus where end-to-end anastomosis is not feasible presents a 
stimulating challenge. Ideally one must construct a tube in the tracheobronc ua^ 
sj’stem that will remain at least semirigid, and will become an integi’al pa 
that system permanently allowbrg for the passage of air and secretions, 
one pursue successfully this endeavor, then the discouraging problem of 
destructive lesions of the trachea and possibly tracheobronchial segment.s, wo 
lend itself to surgical treatment. . . . 

One of us (E. J. O’B.) became intensely interested in this 
i-evdevvang the recent work of Gelraucr. The latter® published woi Jn 
which plastic repair of bronchial stenoses was accomplished by using s 
which were held rigid by the interlacing of wire sutures. After 
Gebauer, we were led to attempt experiments to restore the trac lea co 
using livdng and preserved tracheal grafts. 

HISTORICAL REVIEW OF TRANSPLANTATION 

The study of tissue transplantation is not new to this dccndc. gpen! pofsi- 
physiologists have long maintained such an interest and speculated on its pr 

From the Department of Surgerj-, Harper Hospital. Aconr-latlon tor Thoracic 

Bead before the Thirtieth Annual Meetlns of The American 
Surgery, Denver, Colo, April 15-18, 1050. 
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bUitles. Probably onb of tho llret eiperimontfl to be performed on the grafting of cutaneons 
Uwrae, can be found in the trriting* of John Hunter (1704) and is hero related in hig 

OTTJi n-ordf. 

^'I took tho spur from the leg of a young cock, and placed It in the eituatlon of 
the gpor in the leg of a hen chicken; it took root, the cliickon grow to a hen, bat at first 
no spur-grow, while tho spur that was loft on tho other log of tho cock grow as usual. 
This experiment I have ropoatod fovoral times In tho earae summer, with tho same effects, 
which led mo to conceive that the spar of a cock would not grow upon a hon and that 
they were, therefore, to bo considered as distinct animals, ha\Tng, very distinct powers. 
In order to ascertain this, I took tho spurs of hen chickens and placed them on tho legs 
of young cocks. I found that tho.'o that took root grew nearly ns fast and to as large a 
size as the natural spur on tho other log/^o 

Hunter was also a strong advocate of transplantation of teeth from ono person to 
another. This, a prevalent practice in his day, soon fell into disrepute. To quote Hunter: 

^‘The scion tooth, or that which is to bo transplanted, should bo a full grown young 
tooth; young, because tho principle of life nnd union is much stronger in such than in 
old ones- . . . Tho now tooth should always l>e perfectly sound, and taken from a mouth 
which has tho appoamneo of that of a person sound nod healthy, 

Time has shown that his views on (ho Ndability of grafted teeth wore largely erro- 
ncous (Colyor,* 1013). His work is of great historical interest nnd demonstrates the 
tremendous scientific vitality with which he wns gifted. 

It is of note, that in Hunter's Ifmo, in Europe as well as America, high prices were 
offered for teeth for transplantation, Taylor,* in bis History of Dcntiitry, noted n news¬ 
paper advertisement la 1782 offering four guineas for each sound front tooth. A dentist 
by tho name of JulUoa charged a fee of five guineas for transplanting n Uvo tooth and two 
guineas for dead ones. Ooo also remembers tho aecoont of the girl Fantine In Miserables, 
who offer* the sale of her tooth to prorido money for tho car© of her child. 

In tho development of tissue transplanting, the uso of skin has always been of major 
Interest In this paper wo arc only concerned with the problem of the transplanting of 
tissue from one individual to another of the same species. To dot© It can be stated that 
the succew of homogenous transplants of skin is unsettled, questionable, and opinions arc 
widely divergent Early a’orkors claimed succcs-s. Koch is expressed by Oshimaii in Ifili. 
Lexer,ii In 1911, had no success at all. Masson,!* in, 1918; Pykei,!< in 1922, believed that 
the success of homoio-skin grafts depended on blood computability of donor and recipient 

Hobrzanlecki,!* in 1929, thought (hat except botnoen nulovular twins, such grafts are 
never permanently successful, tliougU survival is prolonged by identical blood grouping. 
Trusler and Cogswell,in 1935, believed that though sucii grafts may at first adhere well 
and appear to have taken, they alwaj-s slough later. 

'\VilUs,!o In 1039, delivering the Victorian Lecture (University of Melbourne), presented 
a comprehensive review of tissue transplantation nnd its relationship to surgery. His sum- 
aiary of homcotronsplantatlon included numerous tissue types, embryonic as well as adult. 
He felt that generally in all homeotnrnsplnntations, there was not a permanent growth of 
the graft, as such. Says he of bone; ‘^to mo tho evidence suggests that, on the one hand 
the greater bulk of a large bone graft (homogenous) dies and is replaced, but in suitably 
saiall fragments parts survive and contribute to osteogenic repair.” 

Attempts to treat Addison’s disease by transplantation of adrenal tissue from other 
P^ple or fresh coipoea have been reportetl with temporary l>©nefit. Hurst,iT in 1922 , Pybus,!® 
in 1924, and Beer ,10 in 1934 reported such cases. 

Other reports are found in roforonce to transplantation of ovary, testes, and pancreas, 
but no proved permanent result is maintained. A group of German seientiats became In- 
interested in the problem in the decade 1920 to 1030 and made numerous investiga¬ 
tions. GinSjM in 1927, discussed the failure of epithelial cells to survive in transplanted 
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tissue. His observations were concerned vvitli the lack of stimulus to growth and the antolyas 
due to formation of lysing tissue juices. Baetzner and Beckzi discussed the problem of 
“homeotransplantation” in 1928, and reported the failure of these tissues to retain their 
individuality in the host. Similar studies were published by Fischerss in 192D. Brnda« 
in 1930, attempted to show the relationship between the success of homeoplastic grafting 
and the reticulo-endothelial sy-stem. Eudit 8 ki 3 ', 2 '‘ in 1936, conducted similar investigatioaj, 
The important biochemical factors preventing growth of grafts was discussed by Loeb 
and Addisonao in 1909. This effect was felt to be less in autogenous and strongest in 
heterogenous transplanting. They felt the tissue fluids of the host have a harmful effect 
on the transplanted structure. The closer the relationsliip to the host tissue, the more chance 
the cells have to live. Loeb declared that dissimilarity between two tissues leads to the 
development of heterotoxins which are directly responsible for the reaction on tlie part of 
connective tissue and lymphocytes in the host tissue, as well as interference with vascular¬ 
ization. 


Loeb, 2 o in 1908, from experimental work concluded tlmt there exists a difference betsveen 
the adequacy’ of the different species as a soil for epithelium, and that the more nearly 
related two species are, the better null be the growth of epithelium. 

Most of these factors are eliminated with the use of preserved transplants however, 
since the cells are not viable. One’ must depend on the growth of connective tissue, epi¬ 
thelium, and other forms, from the surrounding host tissue. Weinor, 2 r in 1943, discussed 
the use of preserved grafts and transplanted the conjunctiva of the cow to the eye of the 
rabbit with some success. His transplants were formalinized. 

Greene ,28 in 1943, found that embryonic mammalian tissues could be grown in adult alien 
species and that such transfer was readily effected ns homologous embryonic transfer. ■Willls,>“ 
in his report, found embryonic tissue more adaptable. Greene,2® in 1945, reported the production 
of carcinoma and sarcoma in transplanted embryonic tissue treated with methylcholnnthrene. 
He postulated that the reserve stem or partially differentiated cells of the body formed the 
source of neoplastic cells in adult animals. 


Sheehan,no in 1943, discussed various types of tissue grafting and advised the remo 
of the perichondrium from autogenous and homogenous cartilage grafts. He felt this essen 
tial to the success of the grafting. 

Algeri,si in 1945, ingeniously using transparent chambers inserted in skin flaps la 
mice, described the vascular reaction to tissue transplants. He reported the early accum 
tion of fluid and leucocytes followed by a rapid and dense vascularization, thence by ^ 
tissue growTli. In tumor transplants he declared tlio outstanding characteristic of e 
plastic ceU to be its capacity to elicit continued growth of new capiUnry endothelium fro 
host which was sharply different from the reaction to normal tissue and an expres.ion 
neoplastic change. 

With regard to the clinical use of autogenous transplants, Nouhoff^s 
the successful use of a fat mass removed from above the iliac crest to close a p 
cavity with bronchial fistula. . 

HarriBon,33 in 1936, reported a case of tracheal stricture following ^ 

He removed the stricture and placed a Thiersch skin graft over the raw su a 
cessful recovery followed. 

1 * rt-ro-ffs OV6T tll6 VO^ 

Negus,3* in 1938, reported the use of thin autogenous skin grar 
cords to prev’ent their adherence after surgical separation. He also use Igjlowing 
reconstruct the continuity of the larjTigotracheal segment in cases of 
irradiation. - ' 

Swinburne,35 in 1941, discussed in detail the problem of laryngo rac 
and the successful use of thin skin grafts in their plastic repair. 



JACKSON ET AL.: IIOilOOENOUa TRACHEAL TRANSPLANTS 


601 


Nach,** in 1043, (llacnwinp methoda in the cloauro of trnchenl defects, made reference 
to tlio use of free fosclfu lie described the new trnchenl wall following this grafting 
ns composed of: 

1 . A layer of psoudostmtified opitholtum. 

2. A layer of submncowi with occasional mucous glands, a few small islands 
of now cartilage, but with occasional exceptions, no fibers of museularis mucosa. 

3. An outer layer of supporting adult connective tissue. 

From this suniniarA- one can soy with few exceptions, that adult homogeneous grafts 
give no permanent structure in tissue grafting. There is some indication that embryonic 
tb^Tio nmy l>c more successful. Fresh homcotmnspinnts meet ft groat resistance In the 
host, with resultant liquefaction. This is principally duo to the biochemical reactions sot 
up in the host. Preserved grafts are not viable and do not excite so severe a reaction. 
When transplanted, they net aa a superstructure, are absorbed, and in the case of the 
trachea, the end result of the tissue wall may be as described by Nnch>* (three layers 
as described in the preceding paragraph). 


Fir. 1.—Jlosstve liquefaction and death In 10 daj-s with use of a fresh, viable, horaopenoua 

trsnsplant- 

It was desired by tlie authors to explore the possibilities expcrimcntolly, of 
bridging varying lengths of produced defects in the tracheobronchial tree of 
dogs, making use of homogcnou.s tracheal transplants. The experiments were 
dirided into two groups for evaluation and study. 

Group 1.—Kepair of small defects in the trachea and bronchus using 
homogenous transplants. 

Group 2.—^Resection of complete segments of the trachea up to two inches 
in length and closure ^vith homogenous transplants. 

methods 

Eighteen dogs of non8i>eciflc pedigree wore used. Numerous others were used In 
BUndardlriug the procedures and in setting up the program for study. Surgical procedures 
^ore performed under intrevenoos Nembntal anesthesia. For the cases in which the 
pleural caWty was entered (gaining access to the bronchos) oxygen was given by inter- 
mittent inenflUition, making use of an endotracheal tube, 

Prepfiratlon of Ihe Tran*plants.—EtLT]y In the experiments several dogs were used to 
test and to standardise the type of transplant to bo csed. Two dogs of approximately the 
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same -weiglit were simultaneously anesthetized and complete one-inch segments removed from 
the trachea through a midline neck incision. The tracheal segments removed were trans- 
planted from one dog to the other, using a simple end-to-end anastomosis of 0000 silk The 
tracheobronchial tree was aspirated and the dogs given 100,000 units of penicillin daily. 
For the first four days, the postoperative course was not unusual. The animals walked ont 
into the runway and ate regularly. However, they then began to stop eating and began to 
cough. Within ten days they presented signs of definite tracheal obstruction; they were 
weak, ill, and died rapidlj'. Fig. 1 presents the autopsy appearance of such a specimen. 
Gross section presented the picture of severe edema and liquefaction of the transplant nith 
complete collapse of tliat portion of the trachea. Microscopic section ns shown in Pig. 2, 
revealed edema, autolysis of tissue, with little evidence of viability or of ingrowth of con¬ 
nective tissue. 



Fig. 2.—Section with low magnlflcatlon, through the wall of 

Edema, necrosis, with no evidence of replacement. 


Gins 2 o had described this effect as due to the death of epithelium 
of lytic enzymes. Silverberg and Voit,3r in 1932, discussed the occurrence the 

acid in transplanted tissues, suggesting it as a factor. Cain,es in 1943, and 

problem of coagulation necrosis suffered by tissue transplants, felt it due o 
reported the use of oxalate and enzyme poisons, to inhibit this sequent of even ^ 

This coagulation and liquefaction of our transplants was anticipated. gnd 

transplant was then decided upon, from which as much of the^ mucosa as 
adherent peritracheal tissue had been removed. It was felt this transp an 
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parclj a fupenitructure for tlie ingrowth of respimtory opitholium, connective tiwne, and 
poBsibly cartilage. Also, this of graft was nonWablo, would cause much less severe 
local tissue reaction in the host, and present n greater chance for successful use. 

A dog was oncsthotlred and the trachea removed under aseptic conditions. Tho 
membranous portion of tho trachea was completely removed and as much as possible of 
the mucosa from the cartilngonous portion. Tho thin layer of vascnlnr and connective 
tiisne intimately adherent to the outer surface was removed. This, in effect, left only 
the cartilage of tho tmehoa supported by tho perichondrium and Intorcartilagonous fibro- 
moscular framework. Fig. .1 ropresonta such n graft. Tho s]»ocimcn was tlicn placed in 
a solntion containing equal parts of sterile saline and oqueons Merlhiolnto. To this was 
added 500,000 units of aqueous poniellHn. jVftor refrigemtion for twenty-four hours 
sterile cultures wore obtained from tho solutions in two-thirds of tho cases. The specimens 
were replaced in fresh solutions and allowed to remain refrigerated for another twenty- 
fonr hours. Tho solutions were then uniformly sterile. The solutions wore brought slowly 
up to room tompemturo before culturing. If tho trachea was to l>e kept longer before 
Dse, as a transplant, it was plnee<l In n third frenh solution ond placed in the deep freeze, 
where it became suspended in a block of ice. 



3.—Homogenous, presen'cJ, tracheal transplant that has been portially Ue-«pIthellaJlied. 

The transplants were presei^’ed in the solutions for two reasons. 

1. The washing and dilution ofToct on the bacteria present. 

2. The washing and dilution ofTcct on tho onrymes present. 

The transplants wore used at time Intervals up to three weeks. Tho intorv’nl differonco 
op to this length of time seemed to have no bearing on tho snccess or failure of the 
tmngplant. 

Standardiection of Surgical Froccdure .—A number of dogs were used before arriving 
St a practical and workable method of securing tho transplants in place in the host. At 
hfst, simple end-to-end anastomoses of the graft to the trachea were performed. These 
dogs begun to present sjTnptoms of trnchenl obstruction around the tenth to fonrteenh 
days. Tracheoscopy revealed the grafted portion to be edematous and tortuous, and the 
lumen to bo angiatod at both suture lines. Tho rigid ends of the trachea of the host 
®eemed to exert a hinge effect on the softer graft. It was felt that daring this early 
period, when the sutures no longer held the graft tightly, any movements of the neck or 
filling of the esophagtiB tended to displace the transplanted portion off the direct line of 
tracheal continuity. Such a situation was abetted by the softening of the graft. There- 
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fore a different type of anastomosis was instituted. To overcome to some extent the hmee 
effect a "sleeve" type anastomosis was performed as. illustrated in Pig. 4. This t)'pe of 
anastomosis was used in all the dogs in Group 2. 
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To oJlow for nnj* disproportion in the eirc of the trachea, transplants from large 
tracheas were used in medium- and small-slEed animals. Several sires Tvore always avail¬ 
able and not chosen until the host's neck had been opened and the trachea inspected. A 
selected portion of the trachea was then carefully dissected, care being taken to preserve 
IB much of the peritracheal vascular tissue as possible. The segment to bo removed (com¬ 
plete cylinders from one-half to one inch in length) wore resected. The transplant was 
then slipped under both ends of the remaining trachea so that there was an overlap of 
from ono'fourth to one-half inch. The open portion of the transplant was lying in the 
anterior midline. Both ends wore then sutured over the host^s trachea using two rows of 
Interrupted 0000 silk at each extremity. The midline of the transplant was then closed 
with a longitudinal row of interrupted 0000 silk. The strap muscles of the neck were 
approximated over the area to net ns a seal, and also ns part of tho outer framework of 
the newly formed trachea itself. Fig. 5 shows the appearance of this tj'pe of anastomosis 
at completion. This procoduro circumvented to some extent the mechanical difficulty of 
sagging in xyt grafts up to one inch In length and became established os the method of 
choice in this type of transplantation in the trachea. 



fl.—Window defect created flve nionUis before and closed with pre*er\’ed transplxint- 
Noto loss of s>Tnmetr>* and absence of rlnca over the prafted area. 


Group 1 .—In tliis group five dogs wore used. 

Square windo^v8 were eut from tlie eartilogcuous portion of tlie traehea 
Dieasttrmg approximately one-lialf of the circumference, tiie sire depending on 
the size of the trachea. A prescn-cd transplant was put in place using simple 
end-to^md anastomosis. Tlie postoperative course was uneventful. The dogs 
were not given penicillin, Tlie only symptoms present were a mild cough and 
some loss of appetite. They started eating regularly in several days, and the 
cough disappeared in tlio second and third weeks. All dogs survived and were 
sacrificed at periods varying from three weeks to ten months. In two of the 
dogs transplants were used in the loft main bronchus as well as the trachea. 

‘ At three weeks tho transplant was soft and semirigid. It was thickened 
and edematous and densely adherent to the neck muscles and surrounding 
tissues. Microscopic study revealed respiratory epitlielium growing in from 
the edges and covering at least one-half of the graft. Within six weeks it was 
completely covered. At three weeks there was marked edema of the submucosa. 
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There was an earlj^ ingrowtli of fihrolilasts wliich were arranged in linear 
fashion. The cartilage in the transplants stained pink and retained little of its 
normal bluish color. A layer of granulation tissue was present on the inner 
surface of the graft and there was a dense infiltration of lymphocytes of the 
small round type. 

Present also were a smaller number of poljunorphonuelear leucocytes. At 
thi’ee months there was considerable thinning of the wall of the graft. The neck 
muscles were directly adherent to this area pi’cventing to a great extent col¬ 
lapsing of the segment into the tracheal lumen. This was held to he purely a 
mechanical advantage. The muscle foi'med a fizun wall on which the transplant 
lay, held taut by the tracheal edges. At five months it was impossible to 
identify the site of anastomosis from the mncosal surface. This could be readily 
identified from the outer surface however, due to the loss of symmefiy and the 
absence of cartilage rings. Fig. 6 presents such a specimen. One can readily 
identify the site and extent of the grafted area. 

Sections revealed the wall to be veiy higldy vascular duiung the fimt three 
months, bnt then gradually to thin out and form dense scar tissue. In two 
specimens there were small areas of calcification in the graft. 

All of the animals in tliis experiment responded iveU to the grafts. There 
was no mortality nor was tlierc enough stenosis of the aiiwfay to incapacitate the 
dogs. There was loss of tracheal synunetry at the graft site but this was not 
a serious effect. One could say that small ndndow defects ivere successfully 
closed noth preserved tracheal grafts, in animals in which up to one-half of 
the wall was removed (cartilagenous poition). This was true of bronchial as 
well as tracheal specimens. 


Group 2 .—Thirteen animals were used in this series. 

All anastomoses were performed as dcscnbed in Fig. 4. In five consecntivc 
animals one-inch sections were removed and tracheal continuity restored wit 
preserved transplants. All dogs surnved and rvere sacrificed at intervals vary 
ing from three weeks to ten months. Gross and microscopic observations were 
similar to those in Gi’oup 1. At three weeks there was g^o^vth of respiratory 
epithelium from the tracheal edges toward the center of the graft. The mos 
central epithelial growth was low columnar in ty^pe without cilia. The ® 
near the anastomotic site Avas mature and ciliated. At six Aveeks the g ^ 
almost completely epithelialized, and at three months covering Avith ma 
ciliated respiratory epithelhun was complete. Fig. T is a section throug 
wall shoAving this epithelium, scar tissue in the wall and absence of carti age. 

The presence of submucosal edema during the first sis AA^eeks Avas 
Between the columns of ingrowing epithelium, there was 
The tissue was markedly edematous, containing a large number o 
leucocytes but also a high percentage of small lymphocytes. The car ® ^ 
rapidly disappearing at six Aveeks and at three months, as seen in 
entirely replaced by sear. The Avail at this interval was thick and goo 
continuity was maintained though there Avas some tendency to sag iRav 
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At sis months, ns scon in Fig. 8, tJio wall of the trachea in the area of tlio 
transplant was much thinner than at three months, Tliere was complete absence 
of cartilage and the scar tissue in the wall was less thick. The neck muscles were 



ITff. i.—Bectlon under hiph mapnincatlon. Gmft thrw? month* old. Mature reaplrator>‘ 
epithelium, dense acar fn tho wall wlUt absence- of musclo and cartllaffe. 



S’—Appearance of transplant after sir months, under low power maenlflcaUon. 
eplthelleUratlon. Note normal tracheal cartilage ot left extremity. Tho wall Ja 
thinner than at three months. 


'iisaected from the specimen befoi-c photogi'aphiiig but it is felt that this museula- 
ture played on important role up to this mtcrvnl in maintaining the integrity 
Md,patency of the tracheal wall in the area of tlie ti'ansplants. 
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At six months there was a definite tendency to sagging inwards of the 
grafted area with a loss of from one-fourth to one-third of the lumen of the 
trachea. Tliis was undoubtedly due to retraction of the scar tissue and gradual 
thinning of the tracheal -wall. 



Fig. 9.—Marked thinning ot the wall of the transplant This is after trochea 

host. Neck muscles have been dissected from tlie wall. Cartilage seen is irom u 
of the host 



is rcsdiij* 

Fig. 10.—Gross specimen of the section seen In Fig. 9. The 

Identifiable. This Is ten months after transplantation. 


At ten months the wall was thinner and there Avas further loss o r ^ 
lumen, extending from one-third to one-half of the circumference. 
presents a section of the wall at this interval. At either extremity one 
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normal traclical rings which arc not a part of the tnuisplanf. There is no 
cartilage present in the graft. Fig. 10 presents the gross appeamneo of this 
trachea. The extent of the transplant is easily identified. The dog n-as not 
incapacitated in his i«unl actirities around the pen hut liLs netiritios were 
restricted by the pen. 

In three dogs one and one-half inch segments were removed and transplants 
put in place. Two of these died during the third week, of stmngnlntion while 
eating. They were coughing and had l)een ill since the first week, loosing weight 
steadily. They were noted to have difficulty in breathing. Both strangled while 
eating during the third week. Autopsj' revealed the trachea in the transplantetl 
area to be extremely soft, pliable, and easily compressed. There was marked 
sagging inward of the wall reducing the lumen to less than one-lmlf of its 
normal size. It eras felt that the esophagus, filled \rith a bolus of food, had 
closed off the trachea completely. The remaining dog was .sacrificed a/ ten 
months. The microscopic findings were similar to those previously described. 
However there was a significant loss of tracheal lumen, it being only one-half 
its normal size. The wall was thin, tough, and fibrous. No cartilage was l)resent, 
it was easily compressed and it seemed that but for the effect of the neck muscles 
a fatal obstruction would have occurred early in the imstopcmtivo course. 

Using four consecutive dogs, two-inch sections were removed and the trans¬ 
plants used to rebridgo the defects. All of these dogs roughed severely during 
the first week, ate verj' little, and were ill. All four dietl during the second and 
third week! three of stmngidation while eating and one during the night. Gross 
examinations revealed a severe sagging inward of the Imeheal wall at tho 
transplant site. This portion was a soft, tlaceid tulm. It was felt that the 
sagging was of a mcchaidcal nature much the same as a clothe.slinc which, 
though suspended at either end sags in the middle. 

DISOUBSION 

The achievement strivc<l for in tbe.se experiments was to bridge c-xtensive 
defects in tho trachea, or tracheobronchial segment. It was hoped that long 
lengths could be resccterl and continuity Im re-established using homogenous 
tracheal transplants. Our oxl)erimcnts have failed to produce these results. 
An experimentally successful transplanting 8bo\dd satisfy tiio following criteria 
to be deemed worth while. 

1. Tho transplant should become an integral part of the sj'slom 
anatomically. 

2. It must satisfactorily meet the functional requiremonts. 

3. A minimum of morbidity slionid accompany its use. 

A It should present a permanent replacement. 

It was Avished by us, to accomplisli this Avitbout the use of foreign materials that 
might require remoA-al later. 

Our failure to meet the preceding criteria is olndous from study of tlic 
experiments. Small Avindow defects Avero Bueccssfully closed using these trans- 
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plants. However, such defects have been covered by others using fascia 
plastics, and Gelfoam. The producing of a framework for the ingrowth of 
tissue was the important factor in these repairs. The repaired portion was not 
rigid and there was loss of tracheal sjunmetiy. When the defect was not exten¬ 
sive or did not involve over one-half of the cartilaginous portion of the trachea, 
there was not sufficient loss of luminal circumference to encroach on function. 
The transplants -were covered inside by the ingrowTh of epithehum from the 
ends of the trachea. The cartilage and fibrous tissue within the walls of the 
grafts slowly underwent liquefaction, absorption, and replacement by scar 
tissue. 

In the experimental animal temporary success wms attained in the closure 
of short complete tracheal defects in lengtlis not greater than one inch. His¬ 
tologically and anatomicall}'- the same succession of events, as described in the 
small xvindow defects, were found. Edema, liquefaction, absorption, and sub¬ 
sequent replacement by sear was the succession. Kespiratorj^ epithelium readily 
grew in over the graft from both ends of the trachea and witliin three months 
the graft was completely^ covered. At six weeks there wms marked degeneration 
of cartilage in the gi'aft; at three months there was fibrosis where the cartilage 
had been. In none of the specimens xvas there any evidence of regeneration of 
cartilage within the wall, or of groxvth from the trachea into the transplant. 

As the cartilage disappeared, the transplant became a nonrigid tube lined 
■with respiratoiy epithelium whose patency was maintained by the suspension 
effect of the rtgid ends of the trachea, and the neck musculature. These muscles 
were markedly adherent to the wall and actually formed an integral part of it. 
When they were dissected away from the transplant, the wall partially collapsed. 
At six montlis there was a loss of from one-fourth to one-third of the tracheal 
lumen; at ten months from one-third to one-half was lost. The scar tissue 
though thick in the first months, thinned out markedly at six and ten months. 

When the defect was increased to one and one-half inches in three do^, 
two died -within three weeks of tracheal obstruction. When this was increas 
to two inches in four dogs, all died -within three -weeks. The most common 
finding was strangulation -Rdiile eating, though two died during the night. Srt y 
of the specimens revealed a soft, edematous, flaccid tube, -without support, a 
fatal obstruction did not occur in the cases where shorter segments were 
was thought to be due to the suspension effect of the dirtded ends o ® 
animal’s trachea and the stabilizing effect of the neck musculatiue. o 
words where longer transplants were used, the resulting flaccid tube was 
long for these factors to support and complete early obstruction was meyi 

In summary it can be said that by the methods used in these expenm ^ 
short segments can be transplanted and a soft fibrous tube lined -with 
up to one inch in length can be produced. However, there follows a o 
narro-wing of this segment that irtll finally lead to obstruction. 

It becomes necessary to prortde a rigid franiework for the 
to prevent their gradual collapse. If this can be done, then the use o 
nous preserved transplants may possibly be successful. Further 
work on this subject is at present being carried out by us using vaiious 
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Our oxporionco indicates tliat a preserved homogenous graft is superior to 
a fiesh one. Tliis seems true due to the milder tissue reaction in the host and 
less tendcnc}- to massive liquefaction. There is a retarding of these processes 
with the use of prcseiwed, nonviable, homogenous transplants. 

CONCLUSIONS 

1. Experiments have been reported in detail using homogenons tracheal 
transplants in the repair of tracheal defects. 

2. The end results have been a failure in the repair of extensive defects 
dne to the absorption and nonreiilacement of cartilage, leaving a flaccid fibrous 
tube that cventuall.v collapsed sufBciontly to cause tracheal obstimction. Some 
temporary success was obtained in repair of short defects due to the suspension 
effect of the ends of the animal’s trachea and the nock musculature. 

3. There ivaB no evidence of gcncrnlioii or regeneration of eai’tilngc in or 
into the transplanted segment. 

■1. A method of presenation of transplants is described. 

5. The use of prcscired tmehcal transplants is preferred to those in the 
frcsli state. 

G. A technique for securing the transplants in place which is felt to be 
preferable to simple cnd-to.cnd anastomosis is described in detail. 
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RESECTION OP THE TRACHEA AND BRONCHI 

An EXPERIJtENTAL STUDY 

1[ax G. Carteb, JI.D.® (by invitation), and John 'W. Strieder, M.D.t 
Brookxjne, Hass. 

T horacic surgeons have liecn plagued by the teclinieal problems eoncemed 
unth the surgical treatment of tumors and strictures invohlng the trachea 
and major bronchi. There have been two principal obstacles to resection; first, 
the maintenance of an adetjuate airway during the operative procedure and 
second, the reconstruction of the segment so that it may resume normal physio¬ 
logic function. 

Malignant tumors extending into the earina, adenomas extending from a 
purely lobar origin into a main-stem bronchus, and various types of broncho¬ 
stenosis constitute commonly encountered situations where reconstructive pro¬ 
cedures could conceivably restore function without undue sacrifice of pulmonary 
tissue. A re\-iew of these problems and a survey of the experimental efforts 
of others, have suggested criteria which mu.st be satisfied if physiologically ade¬ 
quate tracheal or bronchial rcconstructioas arc to be performed. 

These criteria demand (1) that an adequate airway must be maintained to 
the lungs during the procedure with, at most, only a brief interruption of 
intrabronehial closed circuit anesthesia, (2) that an airtight reconstruction of 
the defect must bo obtained, (3) that rigidity must lx: sufficient to avoid post¬ 
operative respiratory “flutter” at the site of repair, (4) that the reconstruc¬ 
tion must facilitate a mucas-freo postoi>emtive period, (6) that healing must 
be complete tvithout late stenosis, and (6) that there must bo minimal baolcrial 
contamination at operation, 

mSTORICAL RE\'IEW 

Taffel demonstrated in 1940 that small tracheal defects could be closed 
successfully uith patches of fascia lata. The grafts, applied with interrupted 
silk sutures which did not penetrate the lumen of the trachea, did not remain 
viable but acted as a scaffold for invading fibrobla-sts.* Daniel, repeating these 
experiments, found that stenosis occurred in the grafted areas. Later, glass and 
stainless steel tubes weie inserted into tracheal defects and regeneration of tis¬ 
sues occurred around these including new growth of cartilage ns well as mucosa.* 
Grindlay, Clagott, and Mocrsch have used polyethylene tubing for experimental 
reconstruction of the trachea.’ No eartilage was found in the regrown tracheal 
wall of five dogs examined one and one-half to eleven months postoperatively, 

From tho Thoracic Suraory Sorrico and the Surrioal Research Laboratory of the Boaton 
Citr HoepltaL 

„ , Aided by a ftrant from tho Foundation for the Study and Treatment of Thoraolo and 
Related Dlaeoaea. Brookline. Maaa. 

Read before the Thirtieth Annual Meetlnar of The American Aaaoolatlon for Thoracic 
snriery. Denver, Colo., April 15-lS. 1050. 

^ •Aaalatant Vlaltinr Surgeon In 'hargo of Thoraolo Surgery, Hoapital of Saint Raphael, 
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tSutgeon-ln-Chlof, Thoracic Surgery Servlco. Boaton City Hoapital, 

018 



614 


THE JOUENALi OP THORACIC SURGERY 


but apparently little stenosis developed in most and retention of secretions was 
not a problem/ Clagett, Grindlay, and Moerseh reported the use of polyethylene 
tubing in one human ease ^vitl^out success.® 

Hanlon reported the successful use of gelatin sponge for the closure of 
small experimentally produced defects in the bronchi of dogs.® Gough used 
alginate gels (seaweed preparations) for closing similar small defects during 
the surgical treatment of pulmonary^ tuberculosis in human beings.^ End-to- 
end anastomosis of divided bronchi, both with and without excision of experi¬ 
mentally produced strictures, has been reported by Jackson and associates. 
They developed an everted cuff method of closure that appears satisfactory'.* 
However, in spite of advances toward a solution of the problem, no one of 
these methods fulfills aU the criteria for a physiologically' adequate tracheo- 
broncliial reconstruction. With these criteria in mind, we have conducted 
further animal experiments which have resulted in one solution of certain 
aspects of the problem. 


METHOD AND MATERIAL 


Eighteen, mongrel dogs were used in this study and more than one operation was pet- 
formed on some animals. Anesthesia was aeliieved with 6 per cent Nembutal solution intra' 
venously and aseptic operating room technique was silways observed. All operations were 
performed transpleurally using interrupted positive pressure oxygen insufflation througli a 
simple endotracheal tube made airtight by gauze packing in the throat of the anesthetiied 
animaL 

Four types of experiments were performed. In the first series of four experiments, 
the airway was divided and reunited by interrupted silk sutures through all the layers anmfl 
adjacent cartilage rings. Two of these animals survived a significant period, one for eight 
months and one for four and one-half months. Of those not surviving, one failed to recover 
from the anesthesia, and in the other the anastomosis of the trachea was insecnre resulting 
in bilateral tension pneumothorax (Table I). 

A Foley catheter was used as an ainvay in the first set of experiments. The balloon 
end was introduced as far as the carina so that the trachea could be manipulated at a pom 
proximal to the balloon. This same method was used in the second set of three experiments 
wherein whole segments of the trachea were excised and the defects reconstructed with tan 
talum gauze lined by pleura or fascia. These experiments were technically diflScult, air 
were frequent, and the longest survival time of an animal was only seven days (Table )• 

From the first series of experiments it become apparent that simple throng an 
through sutures about adjacent cartilage rings were satisfactory' and that an inlying ra ^ 
tube placed prior to operation in the maimer of a bronchospirometric catheter woul p® 
manipulations with the trachea open. However, the problem of excision in the region o 
carina, where many of the resectable pathologic lesions exist, together with _a sati 


method of plastic repair, remained to be solved. j n il been 

An inlying tube, placed in the tracheal lumen through the operative wound, ^ ^ 
used in the last of the tantalum experiments with success. This tube was 
the third set of ten experiments in which either pneumonectomy or lobectomy was 
The resected bronchus was divided flush with its parent stem, sometimes removing 
the parent stem as well. The remaining aperture was then closed by applying a pa 
the wall of a small bronchus in the resected lobe or lung. Patches were first app i® 
outside of the defect and secured with interrupted sutures. Air leaks were 
method. Later the grafts were tailored, placed inside the lumen of the aflfecte^^ ^ 
and secured with two interrupted sutures for closure with a continuous from 

In this group of ten experiments there were four survivors, sacrificed at m e 
thirty-four days to nine months postoperatively (Table HI). 



table l Data From Four Experimcnta or Bronciilal ob Tracueal Division and Reb 






Data Froii Tiiuxe Expemments or Tihciie.\l Descctiox an'd UOMOoiLVfT Hepaib 
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In the final group of three experiments, resected portions of the trachea were replaced 
rdth complete tracheal homografts from donor animals. A fitted tube airway was iatrodaced 
at operation as before. The grafts were held with four interrupted sutures while a contianons 
stitch was placed at each end to make an airtight seal. A fresh homograft, two hours old, 
was inserted in one of these experiments. Homografts, stored at A” C. for twenty-one and 
fifty-one days, respectively, were used in tho other two. One animal died because the donor 
tracheal segment was too small and the procedure was therefore technically impossible. Of 
the two surviving animals, one was sacrificed at seven and one-half months and the other 
is limng and well five months postoperativcly (Table TV). 




Pig. 1.—Dra-wlng of tlie technique for Insertion of p uhmtrate right pneumonM 

the radical resection of the right lung (dog). Drawings A V^^ooeh P lllustrate^^B^I^^ a com 
tomy as described In the text and F Illustrates the use of the airwaj 
plete segment of the trachea and Its repair. 


TECHNIQUE ^ 

For pneumonectomy, an anterolateral incision through the fourth jiilar 

used. A routine resection was performed with individual ligation and autograft 

structures. The technique for insertion of the airway tube and repair wi 
following right pneumonectomy is illustrated by the drawings in Fig- 1- aafficient to 

After the bronchus was cleared, an incision was made in the placed on tho 

admit the rubber tube (Fig. 1, A). A guide suture of 000 Deknatel s was 
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lower lip of the opposite mnln stem for its olovation during inBcrtton of the rubber airway. 
A window was cut in the aido of tho airwnj* near the distal end and a stay suture was looped 
through the wnll of tho tube on the sldo opposite tho window. The tubo was inserted from 
below upward until it lay within tho tracheal lumen. Traction was then made both on the 
distal bronchial stay sntaro and on the tubo traction suture so that tho tubo slipped down 
into the opposite main-stem bronchas whoro it lodged with tho distal window opposite the 
left upper lobo orifico (Fig. 1, B). 

When tlio dirision of tho main stem \vn8 almost coniploto, a second traction suture was 
placed on the upper cut end and tho resection completed. A graft was theu foehioned from 
tho cartilaginous portion of n bronchus in tho reflected lung. This ^ms fitted with approxi¬ 
mately two mUlimotors of overlap bej'ond tho edges of tho defect. A fine French needle was 
threaded on one end of tho lower stay suturo and lliis was used os the first anclioiing stitch. 
A continuous suturo of 000 or 0000 Deknatel was then started at the anchoring stitch. The 
sutures wore placed from the Inside of tho defect outward and the edges of the graft were 
tucked under tho edges of tho defect so tho graft lay wllliin the tracheal lumen (Fig. 1, C). 
When the suturo was complete on one side, an anchoring stitch was made from tlie second 
stay snture, and the continuous stUcli was tied to this. The remaining circumference of the 
graft was then attached with a similar continuous sulnrc. ^\^len only a small window re¬ 
mained, the traction suture on tlio tubo ^m8 cut and removed (Fig. 1, D). The final stitches 
were placed and the reconstruction tested for leaks by covering it with saline while endo¬ 
tracheal positive pressure was made by the anesthetist. Barely, a leak was found, and 
closed by a tinglo stitch. A fetrip of Oolfoam was sometimes placed over the patch. The 
mediastinal pleura was closed over tho site of the graft, tho licmithonix irrigated, and the 
thoradc wound closed in routine fashion. 

When tlie pressure in tho Iiomitljorax hud boon adjubted so that positive pressure anee- 
thesla was no longer neceasaiy, tho Jackson bronchoscope was passed, the edge of the inlying 
rubber tube grasped with on ordinary’ biopsy forceps, and tlie tubo and bronchoscope with¬ 
drawn together (Fig. 1, E). 

Complete segment liomografte were also placed in tho tracliea by the use of tho inlying 
airway. The tubo was inserted tlirough the initial tmclieal incision and stay sutures were 
placed on opposite sides of each cut end to counteract tho normal tendency of the trachea to 
retract. After n segment of donor trachea was prepared, tho distal (caudal) end of the tube 
was removed, tho donor segment was slipped over it like a ring, the tubo reinserted in the dis¬ 
tal trachea and pulled into position by the traction suture. The stay sutures were first passed 
through the graft to secure it in position and a continuous stitch around adjacent cartilages 
completed the anastomosis at either end (Fig. 1, F). 

SoTornl technical points should be reviewed. A variety of tubes of graduated diameters 
was available for each operation. The tube solectod was of a diameter to wedge snugly into 
the left main stem at tbe level of tho left upper lobo orifice and it was of snffldent length 
to extend at least one and ono-liolf Inches beyond tbe upper margin of tracheal resection. 
The tube functioned as nn intomal traclieal splint by which the entire area could be ele¬ 
vated with traction on tho tube suturo. Furthermore, the tube then could not slip from 
the trachea or bronchus during repair, an accident which did occur oarly in the series. Since 
the tabes did not taper, alight leakage of air occuired on the tracheal end but this was readily 
wmpensated for by the anesthetist. The orifice in the tube opposite the left upper lobe 
bronchus was necessary to permit aeration of that lobe. The distal traction suture on the 
left main stem was imperative so that, the edge could bo elevated when the tube was drawn 
downward to glide into proper position. The method worked equally well for either lobectomy 
or pneumonectomy. 

RESULTS 

All experiments have been summarired in Tables I to TV. Complete heal- 
wg ocenrred after division of either the trachea or bronchns and simple rcsntnre 
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mth interrupted silk. The sutures were covered by a cellular layer even in 
that portion which, lay within the lumen of the trachea or bronchus and stenosis 
was never demonstrated (Fig. 2). 

After resolution of technical difficulties, the method of autografts was found 
to work satisfactorily. Gross specimens from the surviving animals, taken after 
sacrifice, showed no stenosis of grafted areas following either lobectomy or 
pneumonectomy (Figs. 2 and 3). Microscopic examination of the grafts re¬ 
vealed firm healing with a minimum of infiammation, almost no fibrosis, and 
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FIe. 2.—Pliotograph of gross tracheal specimen from Dog 3: -without stenosis 

of the trachea four and one-half months previously. Note nnfptomy ''vlth 

cellular layer covering silk sutures (Experiment 3). A left P"®,“r’°2lniinc^-n'lthout stenos 
had been performed forty-five days prior to sacrifice. Note complete neamis 
(Experiment 11). 

1 c \ Tf the 

even viable cartilage in the transposed segments (Figs. 4 and oj. 
was poorly fitted outside the tracheal lumen, some granulations 
metaplasia of epithelium over these zones of malposition. In we - 
however, the epithelium retained its columnar and ciliated ,rrafb 

line of junction with the normal bronchus (Fig. 6). One bamy and 

with overlap on the interior of the trachea, nevertheless remaine vi 
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n?. 7.—Photomicroffrnph of center of eutograft already ehown In FJea. 8 Md 4 (Expe:^ 
ntent 13). Note Notable normal epithelium and bronchial elanda. A few mononucleated cella of 
chronic Inflarrunatlon are preoent. (Phloxlne-methylcne blue. X400.) 



8-—Photocraph of etojb epeclmen from Bos 9 ahowlns marked etenosl* of trachea 
Tn* tracheaX homosrwt aeven and one-balf montha prevlouBly (Experiment 30). 

left moin-Btem bronchua with autograft followins left upper lobectomy nine montha 
previouiiy U teen at the lower right. Note lack of atenoBli (Experiment 0). 
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its edges were covered a proliferating, pseudosquamous epithelium (Fig. 4), 
while in its central portions, the noimal ciliated epithelium remaiued aud even 
bronchial glands were retained (Pig. 7). 

Of the two animals survivong homografts, only one was sacrificed. Prior to 
sacrifice the animal developed a marked wheeze and at autopsy there was pro- 
normced tracheal stenosis caused by resorption of the homograft and replace¬ 
ment with fibrous and granulation tissue. The internal diameter of the lamen 
in the center of the graft was reduced to 0.5 cm. from a normal of 1.8 cm. in an 
interval of seven and one-half months (Fig. 8). h'licroscopicaUy, death of tie 
graft was evident with proliferation of granulation tissue, acute inflammation 
and metaplasia of the mucosa where it attempted to grow from the normal tissue 
to the graft (Fig. 9). 



Flp. e. —PhotomlcroKrtiph or section of homograft shown In A' _^°,Lji^a'rbottom 
&raft by granulation tissue with fibrous proliferation on its external of normal 

picture. Mucosal proliferation with marked metaplasia Is present at the J 
trachea with replaced graft. (Phloxine-methylene blue, X'lO.) 


Bronchoscopy of the remaining homograft animal showed gran 
sue and slight stenosis occurring two months postoperatively althoug 
was clinically well.® 

In all experiments where an airwaj'^ was placed in the trachea through^^ 
operative field, the tube was easily removed postoperatively with the ron 


scope. 

*A respiratory wheeze was apparent In this animal four the 

dog was used tor a cardiac experiment performed by another tnvesugai graft 

graft segment unfortunately was not saved. A portion of the trachea u 
preserved and this was normal. 
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The experiments with tnntnlum gmizc failed because it was almost impossible 
to secure an airtight closure. Ilowox’cr, they did confirm the impression gained 
in the first scries of oxjicrimcnts, that a tube correctly placed would permit 
maneuvers to be performed on tlio opened trachea without undue haste. 

Infection was not ])rc8ent in the pleural space of any animal although in- 
trathomcic penicillin was used in only six of the twenty experiments. Anti¬ 
biotics were not used by any oilier i-outc. Baclcriologic cultures of small bits of 
tissue from the graft segments taken both before and after preservation bj- cold 
showed no groivth. 

Interruption of bronchial vessels and nerves iucident to the complete dis¬ 
section of bronchi or the trachea apparently did not adversely affect the healing 
process. 

nisccssio.K 

The radical resection of the lesions involving the carinn or the opposite 
main-stem hronchus by insertion of glass and plastic tubes has heretofore been 
only partially successful. This maneuver must lie done with great rapidity be¬ 
cause of the serious consequences following anoxia of oven very brief duration.' 
The method here dcscrilied, using mblior tnlx^ inserted through a small incision 
at the beginning of bronchial resection, offers a certain way of maintaining the 
flow of gases under positive pressure to the lemniDing pulmonary tissue while 
permitting careful dissection of the lesion. Further, the inlying airway acts 
as a prosthesis around which the bronchus or trachoa may he more easily re¬ 
constructed. Postoperative removal of the tube eliminates the necessity for a 
permanent inlying foreign Imdy. 

Belatively largo defects in a bronchus or trachea can be repaired by auto¬ 
grafts in those cases in which pulmonary resection is performed. The objection 
raised at once is that the segment of resected lung might contain tumor or ab¬ 
scess so that cither neoplastic disease or infection wonld prevent the use of 
smaller bronchi os grafts. This undoubtedly would Im true occasionally. How¬ 
ever, Buice the diameter of a tube is small compared to its circumference, grafts 
of a size adequate to repair a flush bronchial resection may be fashioned from 
bronchi of relatively high order, hcnco at a considerable distance from the pri- 
marj’ lesion. 

We suggest that a metliod is now available for bronchial reconstruction that 
■a applicable to most situations requiring partial bronchial or carinal resection 
and which satisfies all of our originally established criteria. The insertion of a 
tube, removable at tlie conclusion of the operation, works equally well on either 
a lobar or main-stem bronchus and maintains a patent airway to the function¬ 
ing pulmonary tissue with minimal leakage of air during the operation. An 
autograft, tailored and applied inside the lumen with a continuous suture, makes 
an airtight closure, has the firmness of normal trachea or bronchus without ab¬ 
normal rigidity, offers the same mucosa-covered surface as normal bronchus for 
the retention of mucus during tussive effort, and heals firmly without fibrous 
stenosis. The preoperative preparation of an assortment of varying sized tubes 
which arc introduced through the sterile operative wound rather than through 
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the mouth of the patient and the proper selection of an autograft, from resected 
tissue provide a technique by which bacterial contamination may be kept at a 
minimum. 

Possible cbnical applications for this technique are at once apparent. A 
relatively benign tumor, such as bronchial adenoma, is occasionally found in 
such a situation that resection of the lung is necessary because of encroachment 
on the main-stem bronchus. This might be converted to a lobectomy -with sal¬ 
vage of the main stem and remainmg lobe or lobes. Occasionally a carcinoma 
is found growing from the main stem into the carina which is sufficiently local¬ 
ized that pneumonectomy would be feasible if a method of plastic repair ivere 
available for a hemisected opposite main stem. This method could not be inter¬ 
preted as changing the ultimate cure rate of such lesions but, since these tumors 
usually obstruct completely and cause asphjTcia or suppuration distal to the 
carina, worth-while palliation might be achieved. It should he possible in such 
cases to obtain a small area of bronchus free from tumor and without severe 
bacterial invasion in its walls, which could be adequately cleansed with saline 
to permit its use as a graft. 

Benign strictures of a lobar or main-stem bronchus might he excised and 
end-to-end suture achieved bj’’ the use of an inlying tube. Indeed, Griffith in¬ 
geniously resected a simple stricture of the left main stem without such help, 
and Tuttle anastomosed a left upper lobe bronchus directly to the left main 
stem following radical incision in a difficult lower lobectomy.^^ Gebauer re¬ 
ported the use of dermal grafts in the reconstruction of tuberculous bronchi 
stenosis.^^ However, in a patient with borderbne pulmonary function, the tu 
method might make repair possible when even temporary interruption of air¬ 
flow to a lobe or lung would exclude surgery entirely. Finally, for those acci 
dents of surgery when more extensive incision is made than intended, the met o 
described might permit the surgeon to recoup his position without undue 
to the patient or loss of functioning pulmonary tissue. 

Lesions of the trachea requiring complete excision of several rin^ a ^ 
probably still best treated by previously described methods, notably t a o 
Grindlay and his colleagues. Belsey reported an ingeniously han e 
where all but a narrow strip of trachea was resected for an adenoma^an 
effected with fascia lata over a framew'ork of stainless steel wire. i o 
foUow-up is available. Recently, Rob and Bateman have successfully repa 
a defect in the cervical trachea with tantalum gauze and fascia a ’ 
hoped, rather skeptically, that homografts would remain viable. A ^ 
is not so, they do offer an excellent method of immediate repair an 
well for about four months. They are, of course, not cbnicaUy app 
the present time. It is conceivable that a small tracheal lesion, 
more than three or four cartilage rings, could be resected and end-to en 
be performed over a tube. This has already been performed experim 
over plastic tubes which are allowed to remain in the trachea. ginvay 

The ease with which sections of trachea may be removed an o 
maintained .with a tube placed at operation, demonstrates the use u 
method for testing other tjqies of plastic repair. It is hoped that some 
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tioD, possibly invohdng autografts "with bronchus from a deliberately sacrificed 
lobe, ■will make resection of the isolated Inicbcal lesion an acceptable technical 
maneuver. 

SUMMARY 

A series of animal experimenU have been performed to develop a method 
of radical broncliial resection and repair. Autografts ■with segments of bronchus 
from the resected IoIkj or lung, liave been found to possess the correct character¬ 
istics for a satisfactory’ postoperative recovery' in addition to remaining -viable 
for complete healing \nthout the development of fi])rons stenosis. 

The use of a rubber tube for the maintenance of an nin\'ay to the remain¬ 
ing lung at operation is dcscrilicd together ^vith the technique of autograft 
repair. 

Homografts of complete tracheal segments from donor animals, inserted 
by a similar technique, have been shown to function well tlirough the immediate 
postoperative period but result in gradual resorption and the late development 
of fibrous stenosis at the site of repair. 
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PURTHEE EXPERIENCES WITH DER]\IAL GRAFTS FOR HEALED 
TUBERCULOUS STENOSIS OP THE BRONCHI AND TRACHEA 

Paul W. Gebauer, jM.D. 

Honolulu, Haw ah 

W IRE-ENPORCED, dermal grafts have been used in eleven patients for 
the correction of severe, healed, tnherenlons bronchostenosis or tracheal 
stenosis. The first four patients have been reported in detail.^ Of the re¬ 
maining seven patients, two had dermal grafts inserted in the trachea. In 
the fii’st of these (Case 7), a separate, severe stenosis of the right hronchns 
was treated Avith a second dermal graft at the time of the tracheal operation. 
This patient has been reported." The second patient had a right pneumonec¬ 
tomy, in addition to the tracheal graft, and died three days after operation. 
If pneumonectomy had been avoided, as in the fii’st case, the result might have 
been favorable. Both of these patients have been reported in detail, with two 
other instances of severe, tracheal stenosis, to emphasize the differences in 
anesthesia and operative procedure, between bronchial and tracheal surgery. 

This paper is based on the whole expenence. Its main object is to dem¬ 
onstrate the usefulness of vire-enforced dermal grafts, and to guide other 
surgeons in their application. Only those cases heretofore unreported are sum¬ 
marized, and the operative technique is not repeated. 

Chart I supports the generally accepted fact that usually excisional sm- 
gei’y is required in severe, tuberculous bronchostenosis, but that success 
collapse occasionally can lie practiced. Also, it discloses a significant num er 
of patients in whom a direct surgical attack on the bronchial lesion itse ^ 
indicated, thus pei’mitting a salvage of lobes or hmgs free of disease oi hea • 
Of 136 patients wdth definite tuberculous tracheobronchitis, 46 P^r 
came to surgical treatment. Undoubtedly some of the 20 per cent still M 
medical treatment vdll require future surgei’y. The chart possibly aligns 
false importance to modern surgical treatment, for many of the smgica pa 


tients developed stenosis before the days of streptomycin. 


A limited ex¬ 


perience to date indicates that future use of this substance and P 
duee the incidence of bronchostenosis, decrease its mortality, an t 
centage of patients requii’ing surgery, and simultaneously increase t enu ^ 
healed by medical treatment alone. Conversely, the use of these 
enable patients to survive extensive disease, of a type ordinarily fa a 
their use, and thereby increase the number requiring surgery and irea 
ment of stenotic, tracheobronchial lesions. Nevertheless, it is ^ forth- 
administration of streptomycin and PAS, and other drugs likely to 
coming, will make tracheobronchial surgery unnecessary more is 

will cure patients to a point where surgei-y can be done. At t s mi , 

From the Thoracic Surgical Service. Leahl Hospital. rv^iotlon ior Thorac'c 
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fitting to state that \vithout streptomycin, PAS, or both, dcnnal grafts for 
trnohcobronehial lesions probably -wohUI linvo a low incidenoe of success ns far 
ns tuberculosis is concerned. Therefore, it is believed that, whereas a definite 
field for dermal grafts and tracheobronchial surgerj- in the treatment of tuber- 
cnlosis exists at the present time, it is likely to diminish because of present 
and future trends in medical treatment. 



Chart I.—IlliutratoB the futo of 130 patlcnU with tuborculoua traclicobronchltls, ob*erved 
oyer a period of three and ono-half ycurs. Tlie duration of dlMinae \'aricd from one to 
twenty yxnra. 


On the other hand, while personal experience, in man, uith the use of 
dermal grafts for noutuberculous strictures, or for acute deformities resulting 
from the e.xcisiou of malignant groudhs, is lacking, the applicability of dermal 
BTafts in such instances should not be disregarded. A fibrous stricture of 
traumatic or nontuberculous origin may respond as well to a dermal graft as 
a healed, tuberculous stricture. lu acute, traumatic, tracheobronchial defects, 
and those resulting from surgical excision, good results with dermal grafts 
might be expected, because they -would be inserted in vascular, unscarred, 
normal tissues, and the adjacent respiratory epitheUnm would not be the 
loosely attached, atrophic and metaplastic membrane which lines healed, 
tuberculous stenoses. tTsunUy acute, traumatic and excisional defects, in 
which partially intact cartilages peraist, tend to gape and spread apart, rather 
than contract and close, as does an incised, fibroid stenosis. Nevertheless, the 
material used to fiU such defects must have some semirigid support tlint will 
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maintain a normal caliber of the trachea or bronchus. During the healing 
period, the contraction of such defects is marked, and a large defect is certain 
to form a stenosis if an unsupported graft is used. 

Perhaps, in time, dermal grafts will be used more frequently for uon- 
tuberculous, tracheobronchial lesions than for the tuberculous type. For the 
present, however, until a better method is discovered and becomes available, 
their use is earnestly recommended for the latter, and their trial strongly 
urged for the former. It is felt that greater use’ of dermal grafts vdll lead 
to such a discovery, or to significant improvements in aU the methods so far 
used. 

In general, experience to date indicates that wire-enforced, dermal grafts 
are a good means of correcting severe stenoses of the major bronchi and 
trachea. As time passes, the anatomic results seem to improve. The clinical 
results are particularly good from the beginning, ^vith a loss or reduction of 
obstructive symptoms, better aeration by roentgenogram, and an increase in 
measured ventilatory capacity. PimcticaUy all the patients have professed 
marked, symptomatic relief, and improvement in their respiratory capacity. 
The fix’st four patients^ are well and at home. Two are active housekeepers, 
one is workmg, and one convalescing. In each of these patients, upper lobec¬ 
tomy and dermal graft of a stenosed bronchus to the remaining lobe or lobes 
was performed. Three were sputum-positive before operation and are now 
negative; the fourth is still negative, as before surgery. (The seventh and 
eleventh patients had tracheal grafts and ■will be mentioned later.) 

The remaining five patients had bronchial grafts. They are summarized 
for the purpose of illustrating postoperative complications, criteria for the 
selection of patients, and technical aspects of the operative procedure, so that 
others may utilize this experience. 


CASE REPORTS 

Case 5.—T. T., woman, aged 31 years. In July, 1947, when first seen, this patient 
had been hospitalized for six years. Following unsatisfactory right pneumothorax, pnen 
moperitoneum had been used for three years. Wheeze and sputum block first occurre 
1942, after a right phrenic paralysis, which became permanent when repeated one yw 
later. Bronchoscopy in July, 1947, disclosed a severely scarred larynx, and extensi 
ulcerocaseous tuberculosis of the lower trachea and right bronchial orifice. 
therapy was started and three months later the patient was transferred to Leahi 
for right pneumonectomy. However, the sputum became negative, and completion o 
healing process in the lower trachea and right bronchus was observed 
until a clean, healed stenosis of the right bronchus at the carina was the only res 
Breath sounds were diminished to absent in the right chest. Slight cough and ^ 
the only complaints. The roentgenograms (similar to Fig. 1, .4) had shown no 
a long time. Because of few symptoms, negative sputum, and unchanging roen ge 
right pneumonectomy was considered unjustified, especially in view of the uninv 
die and lower lobes. She was discharged on Sept. 25, 1948. ^ appraw 

Two months later, repeat bronchoscopy revealed a right bronchial sputum 

mately 1 mm. in diameter. Wheeze and cough had become more troublesome. jplje 

was still neg^ative and the right middle and lower lobes were roentgenoloriaa J 
patient was readmitted. 2-ray studies disclosed a heavy, diaphragmatic s pa 

right bronchus at the carina (Fig. 1, H), some dilatation of the distal right ’ 

atelectatic right upper lobe which appeared as a dense cap over the apex (Fig. Ij 
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Right upper lobectomy and repair of the right main bronchus seemed to be clearly in¬ 
dicated. At operation, on Jan. 2(1, 1040, excision of the stenosis and suture of the inter¬ 
mediate bronchus to the trachea. Did not appear feasible; the gap resulting from excision 
would have been too wide. Right upper lobectomy was carried out, and n short, wide, 
diamond-shaped, dermal graft was applied to tho incised stenosis. This was ditRcuU bo- 



^5. 1 (Ca*e B).—A, Before operation; permanent p«ral>-»U of rlJtht dJaphrti^, atelec^U 
JnJti lobe. B, Five montha after right upper lobectomr^^d dermal graft of rl^t 

bronchu*. c. feirht monthi after operation, at time of dlachargc- B. Marked pre- 
’’wratlx-e plantgram. B. ilarked and unmarked planlgrama at the time of dlacharge. 
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cause of the nature of the stenosis. The short, heavy stenosis was hard to hold open 
After being moulded to a round contour, the graft produced a large, posterior protrusion 
of the bronchial lumen, and the right bronchus was almost largo enough to admit a finger. 
Postoperative recovery was entirelj' uneventful, except for hoarseness, secondary to larrn- 
goal edema. Bronchoscopy, six weeks postoperativel^', revealed a soft, edematous riag, 
4 mm. in diameter, at the previous site of the stenosis. It was possible to worm the scope 
through it. The lumen beyond the carina was large, but the graft could not be identified. 
Everywhere the bronchial wall was smooth, clean, and pink. It is assumed that tie 
stenosed portion of the bronchus pulled free from the graft, and attempted to reapprosi- 
mate beneath it, with resulting recurrent stenosis. Planigrams (Pig. 1, E) showed the wire 
within the graft cousiderablj' posterior to the bronchial lumen. In the ensuing four months, 
six bronchoscopic dilatations wore easily performed and a good lumen regained. Atelectash 
did not occur (Fig. 1, B). Eight months after operation (Fig. 1, C), a clean, smooth, healed 
lumen, which admitted a bronchoscope with an external diameter of 7 mm., persisted, and the 
patient was discharged. No positive sputum cultures were obtained. One year after opera¬ 
tion, the p)atient wrote, "I feel better and breathing is lots easier than before. Climhing 
steps was prett}’ much of a strain for me before the operation, but now I find it so much 
easier, and don’t get out of breath ns I did before.” 

Comment .—This fortunate result infers that it is not always necessary for 
tt dermal graft to become a portion of the bronchial wall. Conceivably, it can 
function as a temporary seal of the enlarged airway, supply a framework, or 
scaffold for natural healing, and thus ultimately become an extrabronchial 
structure. However, such a method of bronchial repair is untnistworthy, and 
unappealing, the fortunate I'esult in this instance notudthstandmg. This case 
does exemplify the early tenacity of a dermal patch, for separation of the 
bronchus from the graft evidently did not occur until heabng had progressed 
to an airtight state. It also demonstrates the healing and sealing qualities 
of the mediastinal structures. 

It seems logical to conclude that, if possible, a short, weblike, or dia 
phragmatie stenosis should be treated by sleeve resection, as reported y 
Griffith.^ The anxiety for a large airway encourages the use of vide 
The severity of the stenosis is proportional to the thickness of the bionc a 
wall. The thicker it is, the more it tends to curl back, and the hnrdei it is 
hold open. Too udde a graft iiroduces undue transvei’se stretch on the ron^ 
chus; consequently the sutures cut through, as they do in all woimds c ose 
with high tension, and the freed bronchial incision tends to reapproxinia e 
under the graft. It is probably better to err on the small side, rathci 
take this risk. Also, a small graft is more likely to take than a laige ^ 
the other hand, Avhen a graft fails to hold without complication other a 
the recurrence of stenosis, as in this instance, dilatations during the lea 
period may finally provide an adequate airway. 

This patient is a good example of complete healing of an 
fibrosis and contraction, secondary to occlusion of its bronchus by hea e 
The clinical course of the upper lobe disease, and the gross and 
aminations of the removed lobe, indicated that it, alone, 
have caused trouble. The patient Avas reasonably Avell until the 
deformity reached a crucial point, productive of distressing 
arose from purely mechanical obstruction and Avere relieved by a m 
procedure. 
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Case 0.—F. Y., ^roman, nged 1’8 yoare. Admi8Aion i-ray film (Fig. 2, --1), in 1&44, 
showed an derated right hilus from which ii dense wedge extended to the apex, and scat¬ 
tered infiltration 4n the aub-npci. Extensive, ulccrocnseous tuberculosis of the lower 
trachea and right bronchial orifice was discovered at bronchoscopy. Despite this, a right 
phrenic crush was done for a spread to the right base. Incredibly, the base cleared and 
the sputum become negative. After eighteen months, the lower trachea and right bronchus 
showed considerable healing. Tho patient was discharged in 1040, after two years of 
liospilnllrntion. Six months later, a sputum culture was positive. Xo i-rny change was 
noted, and no other positive findings occurred during a second admission of one year. This 
case was rogarde<l, erroneously, ns a possible instance of healing of the upper lol>© hy 
fibrosis, secondarj' to brouchial occlusion, as wos demonstrated in Case 5. 



FIk. : (Case 0).—A. Admission rocntRcnogronis. 1014; nteloctasls riglit upper lobe. In- 
flltration upper half of right lung floM. U. Over four years Inter, Just before operation; In- 
flUration has cicareil. O, Slarkc^ planlgruni b«'foie opcmticn. 


Six months after the second a<lmission, increased wheoze nnd cough occurred, and the 
sputum became positive on smear. At bronchoscopy, the trachea appeared normal and 
there was a severe, heale<l stenosis of the right bronchus at the carina. There was no 
change radlologlcally (Fig. 2, B). 1‘lanigrnms (Fig. 2, C) demonstrated probable occlusion 
of tho upper lobe bronrJius. Right pneumonectomy, or upper lobectomy and dermal graft of 
the main bronchos, seemed clearly indicated. 

On Feb. 0, 1D40, a dense, contracted, infiltrated and atelectatic, upper lobe was removed. 
No lumen could be demonstrated in its bronchim; active inflammation was later demonstrated 
by microscopic section. Opposite tho upper lobe stump and at the carina, the opened right 
bronchuB had a lumen of 2 by 4 imn. There was no exudate j the lining >nis smootli, 
moist, and glistening. The middle and lower bronchi appeared nonnnl, and both lobes were 
i^^gative to palpation and inspection. A large, dermal graft was appbed to tlie right bronchus. 

The postoperative courso -was characterized by cough nnd a moderate bronchorrhea. 
Five months after operation (Fig. 3, D), the grafted bronchus seemed to be completely 
eplthellzed, nnd admitted a standard 7 by 40 bronchoscope. Shortly thereafter, the sputum 
became positive and there was evidence of fresh infiltration In the expanded right middle 
or lower lobes (Fig. 3, F). Sputum cultures were still sensitive to stroptomj-ciu; it was again 
^minlfltered, nnd PAS was added. By roentgenogram (Fig. 3, F), the infiltration in the 
Jong cleared in one month, but cough nnd bronchorrhea increased; harsh breath sounds and 
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rhonclii became audible over the trachea and mid-upper clicst. Broncliograms and brondios- 
copy revealed a recurrent, tuberculous inflammation of the trachea, characterized by min¬ 
ute ulcerations and heaped-up projections of caseous exudate, and a fairy large caseons 
mass in the lower trachea, obstructing the orifice of the loft main bronchus. Much of this 
was removed with biopsy forceps. On section, the removed fragments proved to be grann- 
lation tissue. No tubercles were encountered. The grafted right bronchus showed no gross 
involvement. After bronchoscopy, there was marked symptomatic improvement. The 



Flgr. 3 (Case 0). — D, Five niontlis after right upper lobectomy and recurrent, 

right main bronchus. E. One month later; fresh Infiltration right upper 'clearing of 

tuberculous tracheobronchitis. F. One month after E, six months after ."'.pen monthi 

infiltration (patient received PAS and a second course of streptomycin), tr. r om niarKed 
after operation; sputum negative: good healing noted bronchoscosplcally. F, rc- 

and unmarked, at the same time. Bronchial lumen adequate. Wire within me e 
moved, bronchoscoplcally, eleven months after operation. 


- 3 f' rn Eleven months 

sputum converted to negative in three months, and has continued negative. ^ ^ 

after operation, bronchoscopy showed practically' complete healing but wire 
truded into the tracheal lumen, just above the bifurcation, at the site of por- 

noted, caseous mass. Evidently, the recurrent tuberculosis had involved the roc 
tion of the graft. The wire loops were flattened with the tip of the scope, Q^e 

and removal were contemplated. A second, three-month course of PAS was s 






OKBAUER: PERIIAL Gn.UTS POR TR,VCHEOBRONOHIA1, RECON'STEUCnOX 635 


month later, in January*, lOjO, the protruding loopa of tviro trore cut and removed through 
a bronchoscope, tvhoroupon ndditionnl rrire loops became visible through a thin, fiimy cover¬ 
ing in the tiostorior wall of the proximni right bronchus. "With more courage than skill, 
the Tviro was grasped with forceps, and completely extracted ity a steady pull. There mas 
little bleeding, and the right bronchial lumen remained open and unchanged. 

The second course of PAS has just boon comploteil Fourteen months after operation, 
the bronchos appears healed, an adequate lumen is present and tlio cheat film (Fig. 3, (?) 
is clear. Tho patient is well; there is some cough, and about two ounces of mucoid sputum 
per day, which is negative. Plnnlgrnras (Fig. 3, H) show an adequate bronchial lumen. 

Comtnenf .—The lUtimnte result in this patient probably will be most ac¬ 
ceptable. Jlorc cough and sputum than in other cases was present from the 
beginning. Although atelectasis never occurred, five mouths after operation 
a light spread of the disease, and a rather severe, recurrent tracheobronchitis 
did. AH in all, the postoperative eonisc was the least satisfactory of this ex¬ 
perience. The availability of I’AS was most fortunate, and it must be given 
credit for tho result to date. 

The removed lobe showed atelectasis, bronchiectasis, tuberculous infec¬ 
tion in various stages of activity, and severe fibrosis—an entirely different 
picture from Case 6. There arc probably many patients harboring healed, 
fibrosed, atelectatic lobes or segments similar to that removed in Case 5, which 
represents the ultimate in natural healing. On the other hand, it is pertinent 
to realize that, in tho absence of positive .sputum, there is no clinical or radi¬ 
ological means of differentiating such a lobe or segment from the type removed 
in Case G. A small, dense, atelectatic lobe or segment, visible in an x-ray film, 
particularly if infiuonced by past or present collapse, is far from acceptable 
evidence of healing. They are a frequent source of future trouble, and are 
best removed, if there is the slightest laboratoiy or clinical evidence of 
activity. 

This case points out that, despite long duration and every clinical evi¬ 
dence of healing, smoidderiug inflammation may persist in a healed, tubercu¬ 
lous bronchostenosis, and that following a graft, it may flare up when the 
effect of protective medication wears off. Fortunately, it is not a common 
event, and is highly improbable in the late, po.stoperativc months. It can be 
partially avoided by carefully selecting patients and remembering that tu¬ 
berculous bronchostenosis usually requires puimonaiy resection. The preced¬ 
ing case is evidence that recurrent infection cannot alwaj'S be avoided, inas¬ 
much ns the indications for dermal grafts in this patient were unquestioned. 

Certain general opinions regarding tho selection of patients have been 
formulated from the experience to date. Naturally, their revision may be 
necessary in the future, ns more grafts arc done. Healed, tuberculous tracheo- 
lironchitis is a relative state. Histologic evidence of activity is not a criterion 
of clinical healing; it may bo found in lesions known to be years old, yet dififl- 
enlt to find in other lesions which were ulcerocaseous only a year before. Such 
lesions rarely heal in less than one year, and they are the type that result in 
stenosis. It is better, therefore, to wait at least a year after gross evidence of 
acute, destructive inflammation, before considering a graft The procedure 
ahould not be attempted hurriedly, solely for the purpose of avoiding exten¬ 
sion of the pulmonary disease, or the development of bronchiectasis. 
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Brouchoseopically, a healed stenosis appears clean, smooth, moist, and 
glistening. It appears lined with epithelium and the color is practically tie 
same as near-by normal structures. Hyperemia indicates residual activity 
or stasis, with distal secondary inflammation. The latter usually signifies the 
presence of bronchiectasis which is best treated by excision. Unlike true, 
caseous exudate, dried secretions accmnulated on a clean base may not con¬ 
traindicate surgery. Ordinarily, a single, stenotic lesion is usually in a uni¬ 
form state, but unsuspected, gross evidences of activity in the bronchial wall 
may be encountered at operation, which call for resection. Therefore, it is 
better first to open and inspect the bronchus distal to the stenosis, before ex¬ 
tending the incision through it into the trachea. Thus, if a graft is contra¬ 
indicated and resection carried out, a repair of the airway above the stenosis 
will be avoided. 

In three of eight instances of dermal gi'afts to healed stenosis of main 
bronchi plus lobectomy, the bronchus of the lobe removed was the site of 
caseous destruction at the level it was first circumsected. In each instance, 
satisfactorily healed, fibrous tissue xvas present more centrally, adjacent to 
the healed main bronchus, and bronchial closure was easily accomplished. 
None of these patients had recurrent or subsequent infection, although it is 
highly probable that some active foci existed within these main bronchi Only 
grossly discernible lesions, such as areas of soft gi’anulation, or caseation, 
when found in the bronchus to be grafted, contraindicate the procedure, 
Their presence in the bronchi of removed lobes is common, and their discov¬ 
ery in a lobar bronchus, at operation, does not signify that a graft of a 
stenosed main bronchus should not be done, unless the process extends cen¬ 
trally into the main bronchus. Valuable practice and experience in the ap¬ 
praisal of gross changes in diseased bronchi can be gathered by careful ob¬ 
servation of the divided bronchus at every pulmonary resection, and the study 
of fresh, surgical specimens. 

The gross pathologic changes of the bronchus observed at operations are 
most helpful in choosing between resection and bronchial graft, in contras 
to the findings which concern the lobe or lung. They will be discussed a er 
the next ease which is rather illustrative. _ , 

The remaining feature, illustrated by the preceding ease, signifies a^ 
if reciu’rent infection occurs, the wire within the graft is likely to 
nuisance. Once healing is complete, a skeletal framework in the gra > 
the purpose of maintaining bronchial patency, is probably unnecessary, 
ever, in the absence of infection, the wire is not likely to be harmful so on 
as it remains imbedded in the graft. Also, at the time of grafting, an un 
healing, the dermal skin needs support to hold open the repaired 
and to provide an airway for the residual lung or lobes. It is felt n 
absorbable material, used in place of the wire, would greatly 
chances of success with dermal grafts, because cellular infiltration is e 
for absolution. 

Twenty-eight gauge wire, originally used, is heavier than necMsai 
30 gauge has been found more satisfactory. A finer gauge than this mg 
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even better, especially if the incised bronehtis can be held open easily. The 
smaller the ■wire, the easier it is to insert at a uniformly deep level in the 
graft. Kinks and irreguloritics arc avoided more easily. If, after operation, 
cutting or removal of the vnre should become necessary, it would be less diffi¬ 
cult. Hecurrent infection, ns in Cose No. 5, and placement of udre too near 
the epidermal surface, or the use of loo licavy a \nre which has irregular turns 
or kinks, and is difficult to mould properly, arc the main causes for the post¬ 
operative appearance of the ndre in the bronchial lumen. The poriseaimlnr 
skin of man is thick, and oven after removal of the epidermis, the romnining 
dermal sHn is frequently 3 mm. thick, or more, if it is not under tension. The 
inserted wire should he kept at least 1 mm. from the epidermal side. If the 
■\rire within the graft is \dsible through this surface, it is not deep enough. 
With ■wire no heavier than 30 gauge, the procedure is not difficult after a little 
practice. This is best done on fresh skin obtained from thoracoplasty patients. 
It is helpful to have the wire welded, in an “atraumatic” fashion, to n fine, 
cutting needle unth a gentle curve. 

Case S.—T. T., mnn, nge<l 30 yenrs. In 10-13, nn army induction oUt>®t film showed a 
light, tnborculoua infiUrntion in both aplcei*, and more douM, scattered infiltration at tlio right 
base. Right pneutuothonoc produced alclcctaals of the right loTTor )obo within nine months. 
It was dlsoontinuod and a riglit phrenic paralysis substUulod. The spulnm continue*! poal- 
tire. Pneumoperitoneum was tried and Abandoned bornuso of sovero whecno. By .Tannary, 
1045, the right long had practically cleared and tho rigiit diaphragm resumed function. 
Shortly aftenrard, atelectasis and a massive spread occurred in the left long, wliicli increased 
initially, bat, thereafter, never changed significantly. Bronchoscopy was first done in July, 
1946, and showed ‘^hyperplastic involvement’' of l>oth main bronrhi. Early in 1048, a 120 
Gm. course of rtroptomycin produced marked symptomatic iroprovemcjit and converted the 
sputum for six montlis. There was no radiologic change. Bronchoscopy, in Octoljer, 1P4S, 
revealed hyperemia and occasional flecks of exudato in the right bronelms, and a healed steno¬ 
sis of the distal left bronchus. Tlio ptitiont was transferred to Lenbi Ilospitnl for further 
study and possible loft pneumonectomy. 

There was exertional dyspnea. The loft lung appeared to be destroyed (Fig. 4, A). 
Planigrams showed stenosis of the distal left bronchus (I'ig. 4, D). The upper lo ])0 bronchus 
could not bo demonstrated. Sputum cultures wore still sensitiTO to gtreptouiycin. The pa¬ 
tient’s respiratory resen'O *vns limited. Ventilatory studies shower! a 1:1,7 ratio of tidal to 
vital capacities. They ■^vere 800 c.c. and 1,400 c.c., ^espectl^TIy. Bronchoscopy, in ilarch, J049, 
showed no change on tho left, and tho right appeared normal. I-eft pneumonectomy ^\nis nd- 
vised only because nn insignificant reduction in respiratory function *vu3 expected from re¬ 
moval of the diseased loft lung. 

At operation, on April 29, 1949, all tho dlseaT teemed to be confined to the upper lobe. 
The lower lobo was normal to inspection and palpation, and tho fissuro ^vns practically free. 
The lower lobe did not collapse; it was compressed munnally, and the upper lobe was ro- 
ttoved, A short, fibrous, bronchial stump, in which a lumen could not Iw found, was sutured. 
Just distal to tlie point of division, tlic upper lobe bronclii were nmrkerlly dilated. Tlie distal 
portion of the left main bronchus >vaa tlten incised through tiie stenosis. It nppenred healed 
and was lined ^vlth thin mucosa. Opposite the upper lobe stump, the lumen measured 3 mm. 
The left main bronchns, above the stenosis, contained a shxillow, pouclillko, anterior protrusion, 
^here the cartilages woro intact, All tlie deformity of tho stenosis was formed by the in- 
inislon of the lateral and anterior bronchial >vTill8. Tlio appearance of tho lower lobe branch 
bronchi did not suggest bronchiectasis; howewr, palpation now disclosed induration deep in 
Ihe lobe, along the bronchovasoular structnres. 
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Ordinarily, sucli findings would indicate resection. In tills case, it was felt that eqnallv 
extensive induration probably existed in the right lung, because of previous disease visible in 
the early x-ray films. Also, a gamble for the function of a lobe seemed justified because of the 
patient’s questionable preoperativc respiratory function. Therefore, the loft lower lok was 
not removed, and the distal left bronchus was repaired with a dermal graft. A limited modi¬ 
fied thoracoplasty, designed to prevent overdistension of the remaining lobe, was carried out. 



FIp. -t (Case S). — A, Before operation: extensive infiltration one-half 

proved to be entirely confined to the upper lobe at operation, n. inree auu tj^orncoplafu- 
after left upper lobectomy, dermal prraft of the distal left bronchus and 
C. Eleven months after operation; sputum nceativo: recurrent, tuberculous , Q„gj,ug In rw 
n Marked and unmarked planlRrams before operation; severe stenosis mji- montiis m 

of upper lobe orifice, which could not be demonstated. E. Planlgrams eie\en 
operation. 
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The early postoperative conrwo \vnt mtlicr stormy. Good expaosion of the lower lobe 
\ra9 slowly ffained after tho bronclioscopic aspiration of a mucopurulent plug in the grafted 
broachos. One month after operation, ft 7 by 40 bronchoscope was passed beyond the graft 
which appeared viable. Two months Inter It appoored to be covered with epithelium, except 
for a few, small, irregular, gray areas. The left lower lobe appeared clear in the x-ray Aim 
(Fig. 4, B). Breath sounds on tho loft wore diminished. The heavily positive, preopom- 
tlve sputum showed a “mro" bacillus in three of eleven concentrates, during tho Arst three 
mouths. Since then, nil examinations have been negative, except for one positive culture, 
bLx months after operation, which proved resistant to streptomycin. At this time, bron¬ 
choscopy revealed a fnirly good Inmen which admitted n standard 7 by 40 bronchoscope, 
but there were Ancly granular, hyperemic, Irregular areas, and Aecks of gray exudate, 
evenly distributed over tho bronchial surface and tho graft. No wiro was visible. These 
findings were regarded os evidence of a recurrent, subacute, tuberculous or mixed infection, 
and PAS was instituted. Four monilis later, ten months after operation, thoro appeared to 
be satisfactory healing, but PAS is being continued to complete a six month course. 
There is a small amount of purulent sputum each morning, ^hich contains staphy¬ 
lococci, but no acid-faat bacilli. There are diminished breath sounds at the left base and an 
oceasional wheer.e. The patient’s general condition is excellent. There is very little cough 
und mnch less dyspnea on exertion. The lolicctomy and modified thoracoplasty reducefi 
vital capacity to 1,200 c,c., but tho tidal air is now 450 c.c., and the ratio 1:2.6. Eleven 
months after operation, the left lower lolw appeurod clear (F’g. 4, C), and planigrams 
showed a fairly good bronchial lumen (Fig. 4, K). 

ComvKnit .—For the pi'csciit, this result is consi(lcre<l satisfactory'; however, 
the iilliinato result will not be kiiomi until somelinic after PAS has been dis- 
eoiitinucd. It is felt that future lobectomy ou the left might produce a respira¬ 
tory cripple, and that such an event would certainly have followed pneumonec¬ 
tomy. Ill many clinics, no type of surgery would have been offered this case. 
Certaiuly, it would not have lieen intentionally selected for the trial of a new 
procedure in any clinic. 

This experience establishes the fact that, even after careful preoperative 
f.tudy, unexpected operative findings may alter the preoperntive intentioiL 
This should not he regarded an axiomatic “crutch,” but evidence of the fail¬ 
ure of preoperative evaluation. Every available means should be used be¬ 
forehand, to determine whether or not the disease in the lol)e or lung distal to 
the stenosis requires removal, for, at operation, simple inspection and palpa¬ 
tion alone are not indicative of the extent or activity of minimal disease. 
N’atnrnlly, advanced or moderate disease is quite detectable, but so is it in pre¬ 
operative roeutgcnologic study, and, in such instances, repair of the bronchus 
would not he contemplated. 

In Bummarj', before the possibility of a bronchial graft is considered, the 
bronchial disease must be regarded os healed, and the lung parenchyma dis¬ 
tal to the stenosis considered entirely worth saving—either free of disease, 
or grossly' cleared of previous involvement—without dense scars and healed 
nodul(is. A slight degree of bronchial dilatation, especially in the absence of 
infection, does not, of itself, contraindicate a bronchial graft, but its presence, 
^ded to other factors, might do so. 

Oabe 0.—0. A., woman, aged 50 years. Pulmonary tubereulosis began ten years pre¬ 
viously, -rith positive sputum, cough, wheeze, and minimal pulmonary' infiltration by roent¬ 
genogram, Loft atelectasis and spread occurred in lD42, and acute, ulcerocaseous, tracheo- 
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brouchitia ^Tia ol>»enT<l. A ycnr later, «Jvrro stenosis of the proximal left bronclme ^UlB 
present, nod tho loft lung Imd elenrod, except for a rcftldunl patch of Inflltratlon Intoml 
to tho hilua. Intermittent opitodca of left atelectnsis continued through 1043 and 1044. 
The modiaatinura gmdunllr shifted to tho left. During 1046, tlio apntum 'wof negative, the 
lesion in the loft lung stable, and tho loft bronchus healed with a lumen of 3 mra. Lateral 
x-ray films locatcil tho infiltration in the lingula of the upper lobe. Throughout 1940, 1947, 
and 1048, the patient was obsen’ed closely in the out-patient department, and occasionally 
bronchoscopy was doae. Tho general health was good; motion nnd broath sounds of the loft 
chest were diminished, and a marked wheeze was audible. Cough was not a prominent 
symptom, but was usually necessary during the night to relievo tightness in the chest. The 
sputum continued negative. Re-evaluation, in 1948, decided against pneumonectomy, be¬ 
cause of nogntivo sputum, mild symptomatology, and the slight extent of the parenchymal 
disease (similar to Fig. 6, R). A series of bronehavopic dilatations \vas advised. These had 
no appreciable sj’mptomatie e/Tccf, and nctually nvluced the bronchial laracn. Early in 1949, 
tho sputum l)ccame positive, ajid the s^Toptoras increased considerably. Bronchoscopy and 
examination showed no change. There no appreciable olinngo in tho x-my films, and 
expiration-inspiration films shm\e<l a rmirketl mediustlnal f-hUt (Fig. 5, A and R). Planl- 
grams demonstrated the severe stenoxiH of the left bronchus and wiggestcd a similar deformity 
of the upper lobe bronchus (Pig. 3, />). Dermal graft of the left bronchus and upper lobec¬ 
tomy was recommondetl, and performed on ilny IS, 1919. 

The postoperative coarse was exet‘e*Ungly smontli, 'vith complete loss of cough, sputum, 
and wheeze. A fooling of tightness disappeared. Deep breathing was easier, nnd tho patient 
was able to sloop through tho whole night without coughing. Broncho.scopy, five months after 
operation, rcvcalcfl a clean, liealod bron«‘hu« with a pmctirnlly normal lomeii nt the earina. 
Opposite the former sito of the upper !o1h» bronchuh. the lumen was ovnl in slinj>c nnd meas¬ 
ured approximately 0 by 4 mm, Pa^toperatiw plnnigram.s (Fig. 5, E) showed n good bron¬ 
chial lumen and a woll-placcd wire within tho graft. Ten months after operation, she Is 
doing her own housework and tho left lower IoIk* is clear (Fig. 5, C). The mediastinum is 
still dlsjdnced to the loft. 

Covwicnf. —Olio yenr Ixjforc openition, thin putiont wns told thnt Uie c.xtent 
of disense, nnd the symptoms, did not wnrriml ilto rcmovnl of n lung. This 
opinion m'os not entirely Rntisfjinp:, hut the rolensc from the prospect of n 
major operntiou urns readily accepted, even on the terms of bronchoscopic 
dilatations. AVhen the sputum bcciune positive nnd symptoms increased, this 
patient, aware of the stntas of other jmtients who Iind received dermal grafts, 
was anxious to accept surgery. In general, this was an ideal case nnd a gratify¬ 
ing result. 

Tho lingula of the removed u})por IoImj consisted of a fibix)tic segment ^rith 
dilated bronchi full of caseous material. The remainder of llic lobe exhibited 
mild dilatation of the bronchi and a few, healed, tulierculous foci. There has 
been everj' indication that the loAvor lobe Is practically normal. These findings 
are considered most unusual in the proaeiicc of a severe stenosis for seven 
years. Ordinarily, lung dc.struction would have progressed to an advanced 
state in a much shorter time. Perhaps the absence of significant infection is 
responsible. At least, the duration of a stenosis is not nhvaj’s an index of tho 
degree of parenchymal damage. 

The technical result lacks perfection only }>ecnuMe of the oval, somewhat 
diminished, lumen at the distal end of the graft, somewhat beyond the original 
stenosis. This is likely to occur if a graft is not extended Avell into the normal 
structures aboA'c and below the stenosis. Tracheal extension is easy, but dis- 
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tal extension into the lower lobe bronchus is limited at the orifice of the 
superior segment, unless the bronchial incision is carried into this hronchns 
and the graft inserted as a part of its lumen. 

Case 10.—K. ]\L, woman, aged 49 years. Following hemoptysis, in 1945, this patient 
was admitted with a'history of cough and wheeze for the previous year. Bronchoscopy re¬ 
vealed a moderately severe, healed stenosis of the left bronchus, beyond the carina. The 
admission roentgenogram is reproduced in Fig. 6, jA. A marked vheeze was audible on the 
left. Despite this, pneumoperitoneum was started in October, 194C, and discontinued after 
one year, because of persistently positive sputum, cough, and wheeze. Shortly thereafter, 
the sputum became negative and gradual x-ray clearing enused. In June, 1948, an ambulant 
status was assumed. In less than a year, cough and wheeze increased markedly, and the 
stenosis was found to have a lumen of 2 mm. in the mid-portion of the left bronchus. The 
status of. the left lung (Fig. 6, J?) was debatable. Planigrnms (Fig. 6, D) showed no en¬ 
larged bronchi distal to the stenosis. During the premons twenty months, thirty-live three-day 
sputum concentrates had been negative, except for two questionable bacilli in February, 1919. 
There was no contraindication to left pneumonectomy, but the left lung was probably stable, 
and considered worthy of salvage. 

At operation, on June 8, 1949, the pleura, including the fissure, was practically free of 
adhesions. The lower lobe seemed noranal, except for some firm, central induration. Multiple, 
hard, small, discrete nodules were palpable in the upper lobe, most marked near the anterior 
surface of the lingula. Examination of the opened bronchus showed practically normal lobar 
orifices, no retained secretions, and a healed, severe stenosis in' the distal two-thirds of the 
main bronchus. A dermal graft was applied to the stenosed bronchus, and no pulmonary 
resection was performed. Eeactivation of the parenchymal disease was considered no more 
than a possibility. In that event, pneumonectomy could be done later. 

On the second postoperative day, bronclioscopic aspiration of a mucous plug from the 
left bronchus was performed (the only instance, in the series, of bedside bronchoKopy). 
Thereafter, good aeration of the left lung ensued and persisted (Fig. 6, C). This patient no 
longer has cough, wheeze, sputum, or chest tightness, and feels that she can breathe mne 
easier and deeper. The bronchial graft is completely healed and clean. The bronchus admi. 
a standard 7 by 40 bronchoscope, however, the walls are soft and pliable and the lumen 
makes a noticeable posterior dip. Planigrnms (Fig. 6, F) show a much improved 
and a well-placed wire in the graft. Except for one positive culture, six months a 
operation, all sputum examinations have been negative, as before. 

Commeni .—Tliis gi'aft ■was applied in the presence of definite parenchynihl 
disease of uncertain stability, Avhieh, at the present time, ten months after op 
eration, is certainly no more actiA-^e than before operation, and sj^ptomo 
relief has been gained Avdthout removal of the lung. The one positive spn 
culture is suspected to have come from the lingula. Perhaps resection o 
upper lobe, at least lingulectomy, at the time of the bronchial giaff) 
have been better treatment. The ansAver depends on the future course o 
patient. The fact that the operative procedure has not caused regression 
the parenehjmial disease is considered significant. 


FATE OF THE GRAFT 


The seventh and eleA'enth patients Avere operated upon primari } ^ 
vere, tracheal stenosis; both had marked stenosis of the right bronchus, m 
dition. They haA^e been reported in detail.- ^ The latter died, 
cause right pneumonectomy Avas performed at the time of the trac ^ 

The former had separate grafts applied to the trachea and to the Hg 
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Ui^etl, second, anterior Interspace. Fhoro the orlKlnal dlMase wM the most eitei^c. 
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elius. The tracheal result was excellent; the bronchial graft was function¬ 
ally adequate, with a lumen approximately one-half normal size. It led to 
aeration of atelectatic segments, not recognized before operation, whicli proved 
to he bronchiectatic, and responsible for symptoms requiring right pneu¬ 
monectomy almost one year after the dermal grafts had been applied. This 
patient is now well and convalescing. A previous report® of this ease con¬ 
templated resection, but the operative and microscopic findings have not been 
recorded. 

At the time dermal grafts were first proposed for the reconstraction of 
stenosed bronchi,^ the possibility was expressed that a dermal patch might act 
as a temporaiy seal of the enlarged bronchus, and supply a scaffold for natural 
regeneration and healing, rather than survive ns a portion of the bronchial 
waU. Such a process is the onlj’- conceivable means of ultimate healing when 
the graft becomes detached from the bronchus, as in Case 5. Partial destruc¬ 
tion of the graft by infection might also stimulate a similar healing effort, 
even though the graft in Case 6 apparently survived i-eeurrent infection. On 
the other hand, in the absence of these complications, the evidence of Case 7 
indicates the whole dermal patch suiwives as viable tissue, and becomes a liv¬ 
ing part of the bronchial wall, over the same area and exact location of its 
original insertion. 


Case 7.—On Februarj- 15, 1050, M. T., man, nged 35 years, Lad n right pneumonectomy 
performed, as stated previously, just two weeks short of one year after dermal grafts had 
been applied to both the trachea and the right bronchus. 

The gross findings, at operation, exceeded all expectations. The grafted right bron¬ 
chus was approached from tlie posterior aspect; the overlying lung separated easily from 
its posterior surface; the graft was exactly where it had been placed, most of the fine mre 
sutures being embedded and invisilrlc. It was yellowish pink in color, and, except for the 
absence of cartilages, very similar in appearance to the adjacent bronchus. The hne o 
union was indistinct, but discernible because the graft was somewhat thicker than c 
bronchial wall, and Ijecan.^e an occasional tip of n wire loop within the graft, was wa c 
at the margins of the graft, where it joined the bronchus. These short segments of wire 
were well covered with fibrous tissue. No wire was visible on the surface of the gra . 
which was smooth and exhibited a sliglit posterior bulge. . 

As previously reported,a ventilatory studies had demonstrated excellent function 
this patient. The preoperative plan was right lower lobectomy, and possibly a wi 
in the right bronchus. The patient was also aware that pneumonectomy might e ° 
sary. In order to inspect the lobar bronchi, and thereby gain more information re^ 
the necessary extent of resection, the bronchus was opened lengthewise through the 

The wire within the graft was completely embedded, and each strand 
with scissors. The graft cut like skin, and seemed thicker than originally. T e cu^^ 
looked like freshly incised skin, with multiple, minute, bleeding points. The w 
cumference of the bronchial lumen was smooth, moist, and glistening. It vas 
appeared to be lined with a thin, mucosal layer. From the bronchial lumen, 
of graft and bronchus could not be identified. The middle and upper lobe ori^ 
thickened, and the spurs rounded. Each orifice was patent and approximate 
diameter. Lower lobectomy was decided upon, witli closure of the proximally ope 
chus, or an additional small graft. The opened bronchus Was packed with gjd 

prevent leakage of the anesthetic gases, and seepage of blood into the o ar 
trachea. These structures were aspirated and the packing renew'ed a num ju^es- 
during dissection and treatment of the lower lobe lulus. Although the proee u i^jonchns, 
sary, it was done reluctantly and carefully, for the thin membrane, lining 
obviously was being removed. 
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Wth the mnin bronchui' open ninl packed, the right Inng was atelectatic, and difTer- 
entitl lobar inflation was Inapplicable. The lolmr flsjnires wore fused. During their dlf- 
flcult separation, the anterior segment bronchus of the upper lobe was Jnndverientlr in¬ 
cised through the point of Its division into three branches, where reunion by suture was 
impractical. Therefore, because of the somewhat quo.stlonai»le status of the middle and 
lower lobes,3 pneumonectomy was dune, rather than excision of the damaged segment. 



_ 7 (Case 7).-—Transection of <llsUil. right broncl>u<. taken near end of graft, npproxi* 

^telv one rear after original operation. A. JJermal graft, poaterlor wall of bronchus, a, 
^^uded surface toward the broncrilal lurrton ahowa no cvllulnr Inmtration. C, Basophilic granu- 
^.^O'aterUl sumrestlng Oegenoratlng epithelium. D. .VtropjiJc. bronclilal epithelium. iJ. 
oc'cre nbrosla of bronclilnl wall. F, Healed, or reirmcmtcd. cartilage. 

The removed lung exhibited no active tuberculous process, brouchiectaais of the mid¬ 
dle and lower lobes—not morketl in the former—and a email, recurrent, subpleurol cyst in 
the upper lobe, plus fibrosis, itlcroscoplc sections of the grafted bronchus (Fig. 7) dls- 
cloaed bronchial fibrosis without absolute evidence of tuberculosis. On the side of the 
bronchial lumen, the dermal graft had no opitholial covering, and the absence of surface, 
cellular infiltration Indicated that something had been removed. In some sections there 
^ere folds and recesses of the dermal surface. In these areas, a granular, basophilic mate- 
^1 covered the derma. It could not be identified, but suggested degenerated, nuclear frag¬ 
ments, possibly residual, squamous epithelium. In isolated areas, remnants of a bronchial 
type of epithelium were encountered w’hlch may have been displaced from the dermal sur- 
Jace, In a few, small fields, simple, cuboidnl epitlielium covered the derma. 

In one longitudinal section, near the junction of the graft and bronclins, an island 
growing cartilage was obson'ed, possildv representing regeneration of cartllnge toward 

the graft, if not into.it. 

T, L. Tllden, consultant pathologist, made special stains and studied the sec¬ 
tions. A portion of his description follows: “The dermal graft, itself, was composed of 
nonnabappearing, collagen bundles, containing several groups of sweat glands, and In one 
T'^ptratlon, a pllo-sebnceouj apparatus was present. The sweat glands ^rere lined by well- 
preterved epithelium and appeared entirely normal. Verhoeff's stain showed a noraial 
ic tissue pattern, and various eollogen stains showed no deviation from normal on the 
port of the collagen bundles, except a tendency toward hyallnioatlon in Isolated areas," 
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Apparently a dermal patch, sutured into a bronchial defect, with one sur¬ 
face exposed to the air passage, survives, Avith little change in its elastic and 
collagen elements. 

Concerning the preservation of these elements, viability of the graft, and 
the disappearance of sebaceous and hair-follicle stractures, the findings in the 
preceding case are the same as the histologic observations of Peer and Pad- 
dock,® Avho studied dermal implants in subcutaneous tissue. On the other 
hand, they found that after one jmar, the sweat glands appeared to he in a 
process of degeneration and replacement. In addition, retained fragments of 
epidermis survhmd long, and produced microscopic, cystic stnictures, and 
granulomatous areas. In the preceding case, the sweat glands do not show 
such changes, but appear diminished in number, and the only suggestion of 
epidermal structures are occasional areas of gi'anular, basophilic material on 
the dermal surface. Also, the distribution of the collagen bundles and elastic 
tissue strands is practically normal. They do not appear contracted, and 
coiled up, as in the case of implanted derma. 

Despite the scarcity of dermal covering in the sections studied, it is felt 
that some sort of epithelium existed that was removed during the operation. 
In other patients, the bronclioseopic appearance of grafts suggests an epithe¬ 
lial covering after a few Aveeks, AA^hich later becomes grossly indistinguishable 
from adjacent bronchial epithelium. It is felt that the removal of a good 
thickness of epidermis, at the time the graft is made, encourages an ingroirth 
of bro'nchial epithelium, and that residual areas of squamous epithelium 
eventually degenerate. If considerable squamous epidermis is present on the 
graft, it is likely to surAuve as such, at least, for some time. This is not en- 
tii'ely objectionable; hoAvever, ciliated bronchial epithelium Avould he ideal. 
Perhaps Avith the passage of more time, such favorable changes Avill occur. 

It seems illogical to expect more normal epithelium than that AA^hich cov¬ 
ers a healed stenosis. NcAmrtheless, studies of such bronchi in surgical speu- 
mens usually reveal a thin, loosely attached, atrophic type of bronchial epit e- 
lium, and a scarcity of mucous glands. Pi’equently the epithelium 
dense, avascular, scar tissue, which appears much less suitable as an epithe m 
base than a viable dermal graft. , 

Regardless of the idtimate type of epithelium covering a dermal gra^^ 
the absence of cilia should not be an objection to the procedure, for the gra^^ 
only increases the bronchial circumference; it does not change or remove 
epithelium which prevdously lined the bronchus, and ciliary action over a pa 
of the bronchial circumferences should persist. 

CONCLUSIONS 

Until a better method is discovered, the judicious use,of y 
dermal grafts for the reconstruction of tuberculous tracheobronc la ( 

Avdll salvage healed or disease-free lung tissue, destined for destnic lo 
such defects. At the present time, there is a significant need for sue 
cedure in the treatment of tuberculosis. This need may be 
modem treatment, but it is likely to continue for some time. In a ’ 
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method should bo coiisidei'od in the trcniiiiciit of other 'trneheohronchinl de¬ 
fects, for it is regarded ns superior to the use of fnscin, foreign body tubes, 
tnntnlum gauze, nnd other substnnees. In nil probability, n more genernl use 
of udre-enforced deriunl grafts \rill lend to nn improved method, or the discov¬ 
ery of n better procedure. 

Histologic nnd nnntomic evidences, plus clinicnl results to dnte, indicate 
that dermal skin netunlly fulfils all the proposed requirements of bronchial 
grafts enumerated in a previous publication,' nnd survives as a highly suit- 
nhle portion of the bronchial wall, intimately good clinicnl re.sults may be 
obtained, despite the occurrence of eomplicntioiis, such as partial separation 
of the graft from the hronchus, nnd recurrent tuberculous infection. 

The success of tracheobronchial dermal grafts depends on many factors, 
ns illustrated by the reported eases. They include numerous features of op¬ 
erative technique and judgment, careful ])reoperntivc evaluation of the 
tracheobronchial detect and the parenchymal dLscasc in each lobe, the ap¬ 
plication of resection whenever indicated, nnd the avoidance of its substitu¬ 
tion by a dermal graft. Other factors are a meticulous preparation of the 
graft, the use of line wire for its framework nnd sutures, abstention of tension 
caused by grafts of too much width, extension of the graft beyond the stenotic 
area, and the precise use of antibiotics before, during, nnd after operation. 
The use of early ambulation, physiotherapy to promote lung expansion, and 
the maintenance of nn adequate ninvay arc important postoperative measures, 
ns well ns the preseiwation of fluid, blood, and mttrilivo balance. 
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Stewart, who has made it possible for me to work this year in his department at the Uni¬ 
versity of Buffalo Medical School, with the constant collaboration of Dr. Coleman Citret 
Our work has been along similar lines. I have en,-joyed these papers verj' much, and it ij 
now with a feeling of how small and inadequate our knowledge is on this subject compared 
■with the large experience of the .speakers that I would like to make the following re¬ 
marks. 

When Dr. Citret and I became interested in this field of investigation we were un¬ 
fortunately not aware of Dr. Jackson’s work published in October, 194f), in The JonE.VAi 
and our approach to the problem has been somewhat different from his. Our first experi¬ 
ments consisted of severing the right- or left main bronchus, closure of the proximal bron¬ 
chial stump, and reimplantation of the bronchus 2 or .3 cm. higher in the trachea through a 
window cut in the tracheal wall. After several failures due to difficulties with the ane>- 
thetic technique we succeeded in carr^-ing out the procedure on five successive dogs, all of 
which had uneventful recoveries. 

(Slides.) These slides illustrate the essential features of the anastomosis. The dogs 
were not given anj’ antibiotics. They were followed bj' fluoroscopic and hronchoscopic 
examination at various intervals. It is naturally too soon to draw final conclusions, but the 
animals apparently show good healing and pulmonarj' function. The longest follow-np at 
present is four months. We are well aware that b}’ this technique the tracheobronchial 
anastomosis was effected bj' sutures under considerable tension. This was deliberate, smee 
it was felt that (1) conditions encountered in patients might necessitate removal of tissue 
and creation of defects which would have to be closed with some degree of tension unl^ 
prostheses or grafts were to be considered; and (2) this method was also used as a trial 
technique in preparation for attempts at resection of the entire tracheal bifurcation and 
reconstruction without prosthesis. 

Our next experiments attacked this problem. The distal three or four rings of 
tracheal cartilage, along with the entire right main bronchus and similar length of left 
main bronchus was resected. Reconstruction was done by performing an end-to-end anas¬ 
tomosis of the distal end of the trachea and one of the main bronchi, then reimplanting the 
other main bronchus higher on the trachea, as described in the previous experiment. Two 
main obstacles were encountered: (1) adequate anesthetic apparatus and methods to main 
tain oxygenation throughout the procedure (the solution of these difficulties will be re 
ported at a later date); and (2) tension at the suture lines due to the large defect, 
tempts were made to elongate the trachea b.v making opposing partial circumferentia 
cisions and covering the defects with fascia lata grafts. In our hands this method i 
prove feasible. Then, somewhat to our surprise, we found that by freeing the 
superiorly from its surrounding tissues in the mediastinum, it was possible by simple own 
ward traction to bridge the defect and carrj' out the ana.stomoses. 

(Slides.) These slides illustrate the resection and annstonio.sis. The procedure ha 
carried out on six dogs to the present time. Four have survived and are apparen y 
One death on the ninth postoperative day showed good healing of the annstomo 
autopsy, the cause of death being distemper which was rampant in our kennel at a 
The sixth dog, which died on the third postoperative day, died during attempts unc 
studies. In carrying out these experiments pulmonary functional studies wi 
chospirometer and chemically induced bronchospasm have been done both pro an 
operatively. Time does not allow a discussion of the results of these studies. ^ 

In conclusion, I have found the papers given today to be of great interest 
feel that a combination of grafts and transplants together may furnish answers 
unsolved problems in this field. 

DR. ORLAbTD DAVIES, San Francisco.—During the past year, gchJol of 

progress in the experimental surgery' laboratories at the University of Ca i o^^^ 
Medicine, on homologous tracheal grafting in dogs. Sampling experiments graf*-- 

sleven animals to test the efficacy of various methods of preservation o ra 
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AlthooRli tmebeni groftlnp procrdurcx done without intornnl Bupport were well tolerated 
In the immediate postoperative period, Btenoaia nt the bUc of pmftinp occurred in all in¬ 
stances repnrdlcss of the method of prcHorvntion of the prnft. 

A technique wns then developed whorebj' Btenonis nt the site of grafting was avoided 
by the ase of a plastic (acrylic) tube used ira im intcninl support for the tracheal graft. 
Tliis proredaro vrofi uso<l successfully to place graftfi in the cendcal and thoracic trachea in 
fonrfeon animals. These animals have remained free of respiratory difficulty two to irii 
months after tmclioal grafting. A Blmilnr method has Imon used to bridge defects formed 
by removing the distal trachea, carina, right lung, and a portion of the loft main bronchus. 
Two an’mals in which the latter procedure wan done have survived for two weeks and six 
weeks following the pneumonectomy and tracheal grafting procc<lnre. This work will be 
completed and BubmUtod for publication in the near future. 

DR. F. .T. JAIIVI8, Seattle.—I should like briefly to further the discussion of these 
ejcollont papers by prcBontlng an attempt at roplneement of the mediaatinal trachea in 
man. In the first slide wo will see a trnebeogram of a man aged 33 years, who presented 
himself to mo three'days before I loft for the Pt. T^uIb meeting of this AsBOclatlon, having 
had for twenty-two months symptoms of cylindroma of the trachea, and for eighteen 
months had had, on three occasions, endoscopic fulgnmfion down to beneath the mucosal 
level. 

(Slide.) In the tracheogrum you will see the defect, representing the tumor which 
endoscopicnlly appeared to bo obstructing the tmehca for about two-thirds of its lumen. 
The man was incapacitated almost wholly by the tracheal obstruction. I was stimulated 
by Dr. Daniel's report at that time, and also by a slap on tlie back from Dr. Berrj', to re¬ 
turn and attempt to excise the le.sion. 

(Slide.) You SCO here tho artist's conception of the method used; the sternal split¬ 
ting Incision. The trachea was dissected free and 4 cm. of the trachea were removed and 
the trachea was replaced by a stalnloM steel tube. We selected stainless steel because of 
the difficulty in the wilds of Seattle of obtaining a VitalHum tube, and also Its expense—* 
when one considers that I had to make up several tubes not knowing which one I would 
tue. This is a very simple tubo and proved to be id this case at least temporarily satis¬ 
factory. 

(Slide.) One sees hero the tumor. You will observe that the tumor is obstructing 
the trachea markedly. It is a cylindroma although It has totally destroyed the wall and 
U Invading tho surrounding structures, but ot this time it has not metastasized. I shonld 
prefer to call it an adenocarcinoma Grade 1, rather thon a cylindroma which, as wo know, 
is a Tnetastaslzing tumor, although metastasis occurs rather Into. 

(Slide.) Y'ou see the film taken on tho tenth postoperative day, two doj's before the 
patient left the hospital. Tho tracheotomy was Ilfe-8Q\nng in his coso, in order to evacuate 
secretions. Ho was gradually able to overcome this difficulty, and the tracheotomy was re- 
®oved immediately after this film was taken and ho left the hospital. 

(8Udc.) Tills film was taken a year later, with the tube still in place. The man has 

working dnring this period, the operation having been performed in June, 1947. At 
this time tho patient was perfectly well, and then I made my fatal error. Relying upon 
tho previous exporimonts ns rclateil by Dr. Daniel, in which a rigid trachea was shown in 
<iogs to have Injon regonoratod surrounding these tulies, I removed the tube. The trachea 
that had been regenerated was sufficient to luindle this patient for three weeks, but it was 
not l>ecause of stenosis that I was forced to replace the tube, it was because the patient, 
during cough, had not a sufficiently rigid trachea to handle it. He handled quiet inspiration 
«Dd qniet expiration quite satisfactorily. 

(Slide.) This is the tubo which has not been cleansed, whlcli has been in the trachea 
for thirteen montha. Unfortunately, I do not have the elide which shows the lumen of the 
tube. It looks os if it had been taken out and scrubbed daily. The cough reflex was suf¬ 
ficient to keep it clean. 
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Tlic unfortunate tiling is timt within tlirec weeks I had to replace this tube and at 
that time there was a shadow in the upper right pleural cavitju there was also an adenoma 
of the left bronchus. Shortly, the patient began to show metastase.s. 

I have unfortunately not the slide showing the autop.sy specimen tliirty-three montlis 
after the initial operation, in which there was generalized pulmonary and pleural metas- 
tnses. Suffice it to say that in this one case the method seemed to be adequate, and had I 
left the tube in I am sure the patient would have been comfortable for a much longer time. 


DE. W. E. BURNETT, Philadelphia.—I hesitate to prolong this discussion, yet these 
excellent papers aie so stimulating that I want to present briefly some information we have 
obtained in the Inboratorj' in the last two 3 -ears. Dr. Robert M. Bucher and Dr. George P. 
Eosemond have done most of this work. We wanted to get something that would be easih 
accessible, that would be cheap, that would have rigidit 3 - enough to be molded, that would 
have a benign influence on the surrounding tissues, and therefore chose stainless steel wire 
mesh and performed some experiments on these dogs. 

(Slide.) First, the tracheal ones, in which between four and six cartilages were re¬ 
moved, of the complete circumference after the first one in which partial circumference 
was utilized; the wire mesh was then placed overlapping the unopposed ends and sutured 
to the trachea with wire sutures. These two examples were sacrificed after five and six 
months, showing a considerable amount of epithclization, though still some granulations 
persisting, showing a good lumen with no evidence of stenosis. Unfortunatel}-, they were 
not very carefully supervised, and we found that the animal house man had decided not to 
vaccinate against distemper, which had been our habit, so we lost two of these from dis¬ 
temper, one from massive infection, and one from too much anesthesia, out of ten dogs. 
However, those that survived the immediate period had an uneventful course until sac¬ 
rificed. 

(Slide.) It was difficult to make sections of these sacrificed specimens because of the 
incorporated wire, but by peeling off some tissue one can see that there is some degree of 
regeneration of cartilage as well ns the lining membrane. 

(Slide.) In the thoracic trachea, additional attempts were made but the mortality 
was quite high because of the same errors which I mentioned, plus inadequate amounts 0 
antibiotics or attempts at mechanical removal of air in the chest due to leakage whic 
occurred after a matter of three to five day.s, although skin grafts and pericardial gra ts 
were used to reinforce the wire mesh which was the basis. Here is an example of a speci 
men four and one-half months after survival and sacrifice, in which one can see some 0 ^ 
the wire mesh showing through by transillumination, although it has a slight covering^^ 
epithelium; it is infiltrated with tissue and was airtight. This dog had only a partia 
feet, as you see, rather than a complete circumferential one. Good regeneration 0 ca 
laginous rings is demonstrated. . t d bv 

(Slide.) This is another slide of the inside, showing the wire mesh infiltra 
tissue but with incomplete covering; the edges, however, are well epithelized after 
three months. . 

(Slide.) This is the outside view of the same specimen. This method gives p 
and warrants further investigation. We are continuing the stud}'. 


DE. C. L. HOLkfES, Boise, Idaho.—I, too, am reluctant to prolong this 
I think it is npp)ropriate at this time to report a clinical case. About July 
was taking off in his privately- owned plane and crashed, and apparently ^ 

injury to the midcervical region. He w-as admitted to the hospital severe 
complaining of pain in the neck, some shortness of breath, and after an e 
cyanotic and apneic. An emergency tracheotomy- w-as done by- his local doctor a 
tation was effected. Ten days later, the doctor opened his neck, explored t {g.end 

found three cartilagenous rings crushed. These w-ere removed in toto an this 

anastomosis was effected with silver w-ire. A proximal tracheotomy was a e the 

area and ten days later the tracheotomy- tube was removed. The 
patient was in considerable difficulty and the doctor could not reinsert >e 
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tube, and I Tvas Milled. A djlatntion through the tracheotomy wound wns effected and the 
tube wa« reinserted. This was loft for three months, then removed, and after a week or 
BO the trachea began to stonoao again, the patient wna having dyspnea with exercise, and 
TTUB raising considerable amounts of mucus. Being familiar with Dr. Jarvis’ case, and 
the work of Dr. Clagett and Dr. Orindlay, I felt that some type of prosthesis should bo 
used. A Vitnlllum tube three-fourth inch in length was constructed witli a flange at each 
end with multiple porforations around it, and the Btricturo was dissected out and removed 
completely. Each end of the trachea was then tmtared directly to the end of the tube. 
This was quite effective in relieving the patient, but about a month later ho again noticed 
that ho had dlfticnlty in raising mucus. Bronchoscopy was done, a 0 mm. bronclioscopo was 
dropped through the area without any difficulty, there was no strlctnring tendency, but 
there seemed rather to bo ro<lundnncy of mucosa at each end of the trachea. Dilatations 
wore done periodically with the bronchoscope everv' one to two weeks for two or throe 
months. 

A month ago wo wont back into the neck and removed the original Vitallium tube 
and reinserted a one and ono-cighth incli stainless steel tube completely within the trachea, 
projecting to 1 cm. into the cricoid ring and into the distal trachea. On bronchoscopy 
just before leaving for (his meeting, there was a complete airwny, complete freedom of 
respiration with exorcise, and wo hofko this will be cIToctive In relieving him i>ormnnently. 
ITowover, I felt that pcrJjnpH that was true with the ffrst tube. 

DR. STKIEDER (closing),—Many of you are familiar with Hob and Bateman’s 
article in the October, 1040, Brithh Journal of In which they dcs«rib<Hl the use 

of tantalum gauze covered with fascia to effect a rejiair of the cervical trachea. Their 
partial tracheal resection was for a recurrent corcinoina of the thyroid and included about 
sis rings and tlie cricoid cartilage. Thoy bridgihl the tracheal defect with tantalum gauze 
covered with fascia, Tliolr difficulty was that thoy noted inspirator^' stridor due to flutter 
of the free lining of the tantalum gauze tube, and i»vcrcnme it by fulgurating the lining to 
create point adlieslons. In our laboratory experiments wc noted a similar difficulty and 
overcame it preopcrativcly by using iotornipted sutnres to fix the lining to the gauze. 
They also noticed emphysema in the neck nod I prosenic, although tlio diseussors did not 
mention It, that it was a complicatiou of some of these repairs of cervical tracheal defects. 
The difficulty with tautalum gauze, in our experience, is that unless there is loft a narrow 
run of the posterior tracheal wall for suture purposes, obtaining an alrtigiit closure pos¬ 
teriorly is almost impossible. In the thoracic tmehen this would, and did in our eases, 
msalt in tension pneumothorax. 

It is our Impression that repair of the cervical trachea is easier than the tlioracic 
trachea for reasons that have been stated by the diseussors, and also because of the con¬ 
tiguous structures that buttress the suture line and tend to seal it more effectively. 
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INTRODUCTION 

T he recent war revived interest in tlie ojieration of pulmonary decortication 
and firmly established its .value in the treatment of clotted hemothorax and 
its complications.’Impressive results in new applications’"’^ of the procedure 
have rapidly followed the military experience. In the numerous articles that 
are currently appearing in the literature, the matter of operative technique is 
given, for the most paid, only passing consideration. The purpose of tliis article 
is to consider this phase of tlie subject and to emphasize the importance of 
pleural adhesions in the production of the pulmonary collapse. A modification 
of the usual operative technique- null he described which has been used during 
the past two year’s in a group of patients requiring decortication for a vaiietj’ 
of indications. This technique has substantially reduced the time required for 
the operation, the blood loss, and more importantly, has minimized injurj’ to 
the lung. 


OENER,AL CONSIDERATIONS 


It is not the intent of this article to consider the etiologj", the various indica¬ 
tions for operation, or to discuss the factoi’s inherent in the collapsed lung’^' 
which influence the operative residt. We are concerned here entirely rath 
operative tecluiique and benefits that can be anticipated in patients properly 
selected for this procedure. Regarding tliis entire group, several genei’aliza 
tions can be made. The lung is maintained in its collapsed state by (1) 1^'*^ 
contents of the pleural spaee (air, blood clot, fibi-in, fluid, or pus), (2) If'C 
peel, (3) pleural adhesions between the lung, chest wall, pericai’diiun, dia 
phragm, and mediastinum. • 


Each of these factors is not equallj’' important in maintaining the hmg w 
its collapsed state. In the development of the pathology^ collapse of the lung by 
hemothorax or pneumothorax oeeui’s first, following which the peel and pleura 
adhesions develop simultaneously. For practical purposes, centi’ipetal co aps 
never occui-s, tlie lung being merely^ compressed toward the mediastinum 
(Fig. 1). The pleural adhesions thus form after vai’ious degrees of pulmena^^ 
collapse have already occurred. Their role in the pathology is directly pro- 
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portionnl to the degree ot compression and for tliis reason, diidsion of these 
adhesions becomes an inercasingly important part ot oiiorative treatment in 
tliosc liaiong extensive pulmonarj- collapse. 

The peel maintains collapse in a dilTci'cnt way. It is approximately the 
same in size in those patients having compai-ativcly .small as well as those having 
more extensive degrees of pulmonary compression. The iniimrtauco of its role 
in maintaining tho collajisc appears to bo diroetly jiroportional to the area of 
the lung which it covers and is inversely proportional to tho degree of pul- 
monarj' collapse. In short, it appeals correct to state that the lung is com¬ 
pressed by the pleural contents, it Is imprisoned by the peel, and restrained by 
the pleural adhesions. This concept of the surgical pathology, as will bo shown 
later, has important practical application in operative treatment. 




a. V. 

PlJT. 1. — Compre**ion of tlte lung tovranl the modla^Unum 1b lllUBtrated In croM section (n) 
tn^nal section (b). Pleural adhesions (4); peel (fl): pleural space (O): compressed 

Granted that the lung is capable of expanding, a properly executed de- 
Mrtication is followed by a brilliant operative result in a high percentage of 
'aacs.- Instances of partial successes and failures in important percentages are 
included, however, in the rcsidts of nU who have had extensive experience iviGi 
this procedure. Injurj- to the hmg producing persistent alveolar leakage and 
delayed or incomplete expansion is tho most important cause of such failures. 
Iiung injniy is especially likely to occur it blunt dissection is used to remove the 
peel of tuberculous patients having a postpneiunothorax imoxpandahle lung. 
It is in this group that the teclmique to be described is especially advantageous. 
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OPERATIVE TECHNIQUE 

Witli few exceptions,®-” the operative technique of Sampsou and Buifoid- 
is currently being i-atlier closely followed by others perfonning pulmonavy de¬ 
cortication. This operation requires that the pleural contents, if picsent, be 
evacuated initially' following which the peel is removed by blunt dissection. 
As tlie final step of the procedure, the lung is mobilized by dividing the pleura! 
adliesions. Emphasis is placed on removal of the peel; and the matter of llud- 
ing the proper plane of cleavage, control of bleeding, and repair of injuiies of 
the lung is given detailed consideration. They discuss pleurolysis briefly and 
stress that it is an essential part of the procedure. Its importance as compared 
with removal of the peel is not considered. 



PW. 2.—The step of pleurolysis Is Illustrated In coroaai section (n) and 
The visceral peel has been divided at its periphery and the Is being ytils 

all the adhesions have been divided and the lung Is ready for mflation ana ae ^ performeO. 
dissection Is Identical to that which M'ould be required If pneumonectomy 


The operation suggested here emphasizes the step of pleurolysis. It 
little from the preceding one except in the order of procedure and met o 
removal of the peel. The chest is opened using a thoracotomy appiopi'^ 
lower lobe lobectomy; this pennits a better exposure of the 
hesions which are usually denser than those encountered elsewhere. 
contents, if present, are thorouglily evacuated. As the next step of ic 
tion, the visceral peel* is everywhere divided at its peripheiy. Comp etc 
ysis is then performed, mobilizing the lung from tlie diaphragm, 
chest wall, and mediastinum (Fig. 2). This has invariably procee e 
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mill miiiininl blccdiin; imcl lisunlly without iiijiiiy to the lung, nud cmi often 
bo nceomiilislied for the most jini-t by mnnuid dissection. Wlicn plourolysis Iiius 
been completed, tlic nnestbetist is asked to inflate the lung. The degree of iii- 
tlation that is pos,siblc at Ibis point is nsnnlly surprisingly coinjilote. Not in- 
frequeutl.v, the luug can be inflated sufficiently almost to fill the pleural space 
aith the peel still in place. The latter, moinover, shrinks eonsidembly,* and 
appears to contract to approximately one-half its onginal size. The luug now 
licing completely mobilized, the lower margin of the shrunken peel is elevated 



Pip, 3.^—PhotomlcropTaph* of the petl of three paUenla Ir Illustrated. Tlio tissue was 
itsinod uslnp the Verhoeff tecltnlquc and was roporlortt os follows: ‘The sections disclose 
of the individual flbers ond ntossea of the collagenous tissue to stain hlack lodlcatlng 
presence of olastic tissue. Amounts of clastic tissue var>* conslderoblv from one to an- 
ouwr and from one section to another but In general It can be stated that tho elastic tissue Is 
nuile abundant.'* 


with clamps permitting the operator to develop a plane of cleavago between the 
peel and the limg in a vortical, rather than a horizontal plane. This enonuously 
facilitates removal which is done using sharp dissection, alternating at times 
with tile gauze covered finger ns commonly practiced in isolating tho sac of an 
inguuial hernia (Pig. 4). Tho laborious use of Kuttner dissectors is entirely 
eliminated and tho peel can usually ho removed in a few minutes witli almost 
no bleeding or injurj’ to the lung. Performed iii this manner, the removal of 
the peel actually becomes tlic least difficult part of tho operation. 


In latter group, elastic (iHue has 


‘ havliiff a poetpncu'mothorax^ unexptmdable lung. 

‘ present In the peel In each Instance (Fig. S). 
tl>r, Alexander A. KoslnsJd, Pathologist, C. S. 'Wilson ilemorlal Hospital. 
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The fissures of the lung are opened and the diaphragmatic adhesions are 
divided as is suggested in other publications. The removal of the parietal peel 
by dissection has not been done. An anterior and a posterior catlieter con¬ 
nected with a subaqueous deflation system has been used to drain the pleural 



Fig. 4. —The manner In wlilch the peel is elevated and 'nipura to be visu^- 

permtts individual fine fibrous strands between the peel and the vl^orai should b« 

Ized and divided by sharp dissection. To avoid Injurjp the manner the lung 

focused on the lung and the knife should be applied to the ^el. in tni avasculw 

separated from the peel rather than the peel from the lung. The nbro^ dissection bj 

In instances of unexpandable artificial pneumothorax. The insert demon 
the gauze covered finger which can be utilized when the peel separates re j- 


space. With one exception, which will he referred to later, minhiial 
and prompt re-expansion of the lung has followed permitting their vnt ^ 
within forty-eight hours. In those having tuberculosis, streptomyem, 
daily, has been administered for one week preoperatively and con 
similar dosage for two weeks after operation. All patients have wcei 
quate doses of penicillin during the immediate postoperative peri • 

In decortications performed on tuberculous patients having pggi 

and an unexpandable lung, a factor of safety may be added by 
in place over the area which was originally the site of parenc yma 
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In sncli pnticnts, additional filling of tho pleural space by the lower lobe can 
often be obtained by dividing the pulniomuy ligament. 

The following case ropori.s iUustrate several features considered in the 
foregoing; in each instance, intratraclieal ether-oxygen anesthesia was ad¬ 
ministered; the patient was jdaecd in the lateral position and cotton suture 
material was used throughout. 






-Ti photoffraph of the entire vleconU peel removed from this natlent la Illuatratcd. 

iiic notch at the upper end la tli© area where a aectlon of the peel waa allowetl to remain ad- 
“®f^t to the lunc. Thl* comparatively small peel covered the entire lumr which was com- 
prewed apnlnst the mediastinum. 


Case l.—O. G., n 23*yenr-<iUl white runn, had nn artificial pneumothorax induced on 
Sept. 10, 1041, for cnaeous pneumonic tulwrculohia of the upper lobe of the left lung. The 
patient also Lad disease In the upper lobe of tho right lung without cavitation. Pleural 
adhesions were present and n closed pucunionolyaiH was done Kov. 2S, 1041. Cavity closure 
and sputum conversion followed; he had pleiiml fluid on numerous occaslous but never 
developed empyema. Attempts to expand the left lung were made during 1949, without 
^nccess. Decortication by the technique described pro\'itmsly was performed on Oct. 24, 
1040. After performing complete plenrolysla, inflation of the lung auflicient to obliterate 
yinr© than one-half the pleural space was possible, with the shrunken visceral peel still 
»n place. The latter was mobilised from l>olow upward, and a portion of it was allowed 
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to remain over the site of the disease in the left upper lobe (Fig. 5). The pulmonary liga¬ 
ment was divided; the fissures and diaphragmatic sinuses wore opened, and the pleural 
space was drained wth two catheters. 

The postoperative course was uneventful; re-expansion of the lung was complete in 
thirty-six hours, at which time the catheters were removed. The wound healed by primary 
union and the patient was transferred back to another hospital* on the sixth postopera¬ 
tive day. Eoentgenograms illustrating the preoperntive status and the postoperative result 
are shoyvn in Fig. G. 



Fig. 0. (Case 1).—The jireoperative roentgenogram (n) and postoperative Si.ud> (h) ore 

truted. 

Case 2. —The following patient is of interest because the improvement 
operation was due almost entirely to pleurolysis alone. This patient is an examp o 
tyTie in which pulmonary fibrosis makes complete expansion impossible. ^ 

S. W., a 46-year-old man, originally had a large tuberculous cavity in the 
of the right lung, which measured 5 cm. in diameter. Artificial pneumothorax was 
on April 1, 1940. Pleural adhesions were pireseiit, and a “difficult" 
enucleation technique was done on June 4, 3940. The cavity then deve ope 
characteristics, but nevertheless, closed six months later. Density persiste m 
formerly occupied by the cayity, and was believed to be due to inspissate 
the latter. The patient’s sputum was converted; the pneumothorax was -^as 

The patient stoutly refused thoracoplasty but accepted decortication. The ope 
undertaken with some misgivings because of the size of the original cavity. 

At operation, April 5, 1949, the peel was divided at its periphery j-oved by 
mobilized. Ee-expansion of the lower lobe was fairly^ good, and this ^ the 

division of the inferior pulmonary ligament. A large boggy area, roughly o 
original cavity, could be palpated in the upper lobe. A similar area was pre 
apical segment of the lower lobe. Because of these findings, it seemed unsa 

•Broome County Tuberculosis Hospital. Chenango Bridge. N. 1- 
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more than n narrow ^trip of tho pool nt it« poriphory, 2.5 cm. in width. A limited thomco- 
planty wonld have boon ffulHclont to oblltemto tho plouml npnce, but this wan not done 
because ponninsion for Boch a procedure Imcl iMJcn rofuBcd. Following operation, con¬ 
siderable ro-oxpftnsion has occurred but n «nmll pneumothorax pocket porsiats. The pa¬ 
tient's exorcise tolerance line Ixwn greatly improved by the operation; ho rofnnos additional 
surgery. His pro- and postopcmllvo rnentgonogmmH are Ulustratcd in Fig. 7. 



fl. h. 

,,, T (Case 2).—Tlie preoporatlvc roentccnoaniiu (o) and pO;<loi>eraUvo expoaure (l<) are 

Illustrated. Mediastinal dlsplacoinont lias occurrc^l followloK ojwrotlon. This patient’s exercise 
tolerance has been more tlian double.I since decortication. 


Case 3. —^This patient is believed to be an exnmplo of iHi-cnllod idiopathic spontanenoa 
pneumothorax in which a torn \'nt<colar adhesion produced a simultaneous niaasivo hemo¬ 
thorax. Elrod and Murphyio have reported a similar ease operated upon in the aarao year. 
These authors bellove that theirs was the first patient in this category’ to have been sub- 
iwted to decortication. 

R. B., a 14-yeAr-old boy, developed sudden pain in tho chest Feb. 2o, 1P47, while 
tobogganing. Dyspnea and shock followed rapidly. Upon admission to the hospital a 
short time later, signs of a massive left plouml effusion were present. Tbomcentesih 
yielded pore blood and during tho noxt throe weeks repented aspirations were done and 
c.c. of blood were asplmtod. During this period, blood transfusions totaling 2,00(1 
were administered. When first seen by mo, a small pneumothorax and signs of an 
orgamied hemothorax were present. Tlio loft lung aad diaphragm were immobile. 

Operation was performed April 1, 1047, in the manner previously described. At 
operation, the lung was immobile, and was collapsed approximately 50 per coat. After 
evacnatlng the pleuml contents and dividing the plouml adhesions, It was possible to in- 
^to the lung sufficiently almost to fill the pleuml iqmce. The x>«el was densely adherent 
A 2 cm. area in the superior segment of tho left lower lobe. This site was believed 
^0 ho tho source of the hemorrhage and the peel wae not removed from this area. Else- 
where the peel separated rcndll}*, for the most part, by manual dissection. The parietal 
Pi^ra WE* wiped with dry gauze, and the pulmonary fissures and diaphragmatic sinuses 
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were opened. The plouml spnco wns drained with (wo cathotora which were removed after 
forty-eight houra. Rocororj' wna uneventful. Pro- and poatoperative roent^noprama are 
illuBtmtod in Fig. 8. 

Care —The rapid ro-oxpnnaion of the lung ol)(ninod in the following putiont ia of 
intereflt, 

B. (1., a 17-ycar-old white girl, had aovoro arterial hyportcn»ion, and underwent a 
Iwo-stage thomcolumhnr aynipnthoctomy. During the second operation on the loft side, 
an intercostal vein wnn opened, and the Mewling Avns arrested with Gelfoam. Severe 
Inlraplenral hemorrhage'occurred postopemtively requiring numerous transfusions. Several 
aspirations wore done by the surgeon hut clotting occurred before the lung could bo ex¬ 
panded. Decortication was done on July 28, 1040, five weeks after this operation. After 
preliminar}' plourol^Tds, the peel was easily romoved, using for the most part, blunt dis¬ 
section. Ono small tear required a single cotton mattress suture. Drainage of the pleural 
space with two catheters was instituted, nnd the lung wns fully expanded the following 
«lay. The patient made an uneventful recovery nnd waa discharged from the hospital 
seven days after operation. Preoporntivo and postoperative roentgenograms of this pa¬ 
tient are illustrated in Fig. 0. 



^5. 0 (Case 4).—Preoporntlvc roontirenojrrum (a) ana postoperative study (b) *ro illustrated. 
The latter film was oxposeil on the twelfth postoperative day. 


Case 5.—This patient's long wns collapsed for over eight yeora. Although the 
parietal .peel wus not removed, excellent niobilitation of tho ribs and left homldlaphragrn 
has followed operation. 

J. 8., a 25-year-old white man, had a left artidein! pneumothorax induced on Jan. 24, 
IWO. Caseous pneumonic tuberculosis was controlled, and sputum was converted. Pleural 
odherions were present nnd these were divided by a closed pneumonolysis on March 19, 
IWO. Plenral fluid was subsequently present on numerous occasions but he never developed 
empyema. All efforts to re-eipand the long were ineffectual. Decortication was done ns 
previously described in Case 1 on April 10, 1048, A portion of the peel was left in place 
over the site of the disease in the upper lobe. Tho lung was fully expanded in forty-eight 
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hours; eonvnlcflconce uneventful. The patient was tmnsforred to another liospitnl 

fix days nflor opomtioTi. At this wrltlnR lie lias l)oen working for a period of ci^thtoon 
nionllis. Prcopemllvo and postopomtivo roonlKOnojfmiUH uro illustnitcMl in Hr. 10. 

Cahk i \.—This imtient hnd a puumiioporltunetiin at the time of the oponitiojt. The 
proecilure wiim well tolemto*! aud prompt ro-expansion of the lun^ occurred. 

^V. K., n 39-ycftr-old married woman, develope<l pulmonary tuberculosis in April, lOW. 
A chest roentponogmm domonstmtod an extensive hiluterul exudative lesion with n cavity 
in the upper lobe of the loft lung, yputum was po.sitivo for acid-fast bneilli. An artidcinl 
pueumothomr was induced on the loft side on May 14, 1944; adhesions wore present nnd n 
closed pncumonolysis nms done July 1C, 1045. The patient's sputum was converted nnd 
she was discharged from the hospital Dec. 12, 1945, The patient was well until April, 
1943; at this time she developed cough, fever, nnd weakness. Sputum was again po.sitive 
nnd a roentgenogram demonstmted a cavity In the right lung. She was re-adraittcd to the 
hospital and streptomycin, 1 tlin. daily, was ndininistercd from April 8, 1048, until Juno 9, 
1048. The infiltration in the right lung clearcil, the cavity closed, and the patient was 
discharged from the hospital Jul^' 3, ISMS. She reinalned well until July 26, 1049; at this 
time she developed fever nnd eongli nnd a roentgenogram douionatratcd a now envity in 
the apical segment of the right lower lobe. Sputuiu v.as agiun positive. A pnenmoperi- 
tononm was Induced July 28, 1910. The e.nvity elo>ed iironif>tly nnd sputum wns converted 
within three months. During this peiirnl. nttrmpts lo re expand the loft lung were in- 
efTcclnnL Decortication was performed I'eb. 2, 105(K After division of the peel, the lung 
could be inflated Futllcicntly to fill nItno''t complei«dy the pleural space; it separated readily. 
Two small rents in the lung rccpiircd closure with a Ouihi cotton miittreis suture. Drainage 
with tw'o catheters wua inviiiute<l na previously desiTH>cd. Tlio lutig was fully re-erpanded 
the momliig folhwiiig oporai«< ii. A Miiall unumnl of drainage persislod and for this 
reason, the catheters weic not roiooNed until iho second pi>stnj>eralivo day. Convalescence 
was uneventful and the patient ^va< tnmhfcrrt'd to nrio.lier ho.'<j)ital six daj’s after opera* 
tion. 

SUM MARY 

In tlic foregoing, tlio factors Uiol nmiiitain pulmonary collapse in patients 
presenting indications for decortication are considered, and the importance of 
the role of plcm'al adhesions is emphasiml. A cimngc in tlic oixlcr of operative 
procedure is .su^csted, and a conipni'ntively atraumatic and liloodless method 
of performing dccorlicution is dcscril)cd. The i)rocedurc as outlined, is another 
application of an established surgical principle applicable to all dissections; 
namely, that adhesions wliich arc least fontiidahlo should be divided initially, 
leaving those which arc more difflcull for the fiual step of the procedure. 
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ADDENDUM 

The operative technique described in this article has been used in decortication for 
tuberculous empyema: in this group it is believed that the parietal peel should lie ex¬ 
cised. A recent decortication for this disease was performed entirelj^^jrithout injurv to the 
lung. 



LOBAI? AGENESIS OF THE LttNG 

Douai^vs R. Morton, JI.D., Karl, P. Kl.vssen, M.D., and Eari, H. Baxter, M.D. 
Ooi.nmiiiH, Ohio 

A genesis of tlie hmn is n mrety occuiriii": couyenitnl anomaly; however, 
lolmr aRcnosia of one long assoeiated with an anatomic developmental 
abnormality of the hronehial tree Is so exceptionally rare a manifestation that 
it is not specifically mentioned in the literature. Durinp the past year the 
authors have had occasion to .see two markedly .similar proved cases of lobar 
agenesis of the lung and therefore present them as supplement to the data 
available on congenital lung mnlformation. 

A search of the existing literature concerning eases which could represent 
a lobar agenesis of the lung yielded only two reports which might suggest such 
an anomaly if adeiiuatc proof had liecn available. Field' reported a case in 
which bronchography revealed a small left lung displaced posteriorly with a 
long main bronchus. There appeared to be no lingular branches. Coufirmatorj- 
studies were not allowed by the patents of the patient. Fergason and Neuhauser^ 
reported a patient who was .studied bceaitse of postulated atelectasis of the right 
middle and lower lobes. On bronehogmphy a single bronchus was found on the 
right side which communicated only with the upper lobe. Although these two 
eases may have represented lobar agenesis of a lung, definitive anatomic proof 
is lacking. 

A brief discussion of the embryology of the lung will serve to make more 
understandable the manner in which such an anomaly can occur. Two pul- 
inonarj' anlagcn may ho differentiated: the epithelial and the mescnehjTnal. 
The earliest indication of the appenraneo of the ciiithelial anlage is the forma¬ 
tion of a longitudinal gi-oovclikc evagination of the anterior wall of the foregut 
in the 3 mm. emhrj'o. Fusion of the opposing edges of tills evagination, termed 
the tracheoesophageal sejitum, begins at the caudal end and extends in a cranial 
direction, first splittifig off tlie lung bud and then the trachea. When the 
cmhrj-o reaches the 4 to fi mm. stage, the lung bud bifurcates; tliis represents 
the primordia of the main-stem bronchi. At the 7 mm. stage, tlie right-stem 
bronchus dirides into three projections, and the left-stem bronchus dirides into 
two projections. The bronchi grow by successive generations of monopodial 
branching into the thoracic cavities, pushing before them an investment of 
mcsenchjTiia wliich adapts itself to the shaiic of the hronehial tree and fuses, 
ultimately, giving rise to the pnlnionaiy lobes.' 

A review of the literature iiertincnt to congenital pulmouai’y malformations 
reveals that a classification of agenesis of the lung was first made by Schneider' 
in 1912. Since that time the following definitions ordinarily have liccn em¬ 
ployed as a basis for nomenclature: 

From the De-artmenta of Surclcnl Research and of Pc<llatrlc», The Ohio State University. 
Aided by R crant from the Mary Christie Curtis Fund of the Ohio State University, 
deceived for publication Jlnrch 6, 19B0. 


606 



666 


THE JOURNAL OF THORACIC SURGERY 


Ageiie.<ns of hing: where there is a complete absence of the hing 
and bronchi. 

Aplasia of lung: where there is a rndimentaiy bronchus bat no 
pidinouaiw alveolar tissue. 

Hypoplasia of lung: where pulmonary tissue is underdeveloped 
in whole or in part of a lung. 

In 1937, Hurwitz and Stephens® reviewed 34 eases of agenesis of the Itmg, 
and in 1944, DeWeese and Howard” increased tliis list to forty-four. Burger,- 
in 1947, reviewed an additional 10 cases which increased the list to fifty-four. 
Burger reported that 13 cases were to be found in the foreign literature, the 
details of these being as yet unobtainable. Since that time Field* has reported 
3 eases, and Nesbit and associates® and Bowden” each have reported oue. To 
date there are approximately 75 repoiled ea.ses of agenesis of the lung. 



1 (r>. L. W.).—Roentgenogram showing de^Uatlon of *11®, spaces, 

of the right diaphragm, dextrocardia, narrowing of the right Interco 
a diffuse density of the right hemithorax. 


ele- 

and 


The majority of the cases reriewed in the pi-eeedtng paragraph 
severe degrees of agenesis, aplasia, or hyiioplasia showing little or no 
lung tissue on the affected side. A variety of concomitant congenital 
were noted: cleft palate; agenesis of spleen, Iddney and 
thjonus; esophageal atresia; tracheoesophageal fistula; diaphragmatic^^' 
exencephaly; a varietj* of cardiovascular anomalies; hypoplasia o 
dermoid of the eye; atresia ani, and incomplete lobulation of the rem 
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lung. It is of interest to note that of these eases, 14 showed a unilobnlar or an 
incompletely fissured remaining lung. In one instance Ihi-ee bronchi were 
recorded ns 8up])bHng such a unilobulnr lung. It is unfortunate that no 
mention is made of the numlmr of brenchi in the other eases reported. This is 
not in agreement with the generally accepted concepts of the cmbryologic 
dorelopment of bronchi and lobes. 

In the followniig two ease reports, the diagnosis of lohar agenesis of the 
lung was established in the fii’st instance by cxplomtoiy thoracotomy and in 
the second hy autop.sy. 

CASE REPORTS 

Case 3.—D. L. "W., nn ll-yenr-old wliUo girl, waa ndniitted to Cliildrens ITospifal on 
Aug. 8, 1049, \vith the chief coniplnint of n right lung.” This patient Imil a j^r- 

fiilent cough nraoemted with mnny colds since llio onset of whooping cough at the ago of 6 
year*. During the recent winter montlis she Imd many upper resytiratory Infections associated 
with high feror and ahorincss of bronth. 

On physical examination the thomx was aaymmetricnl, Ihero being n respimtory lag 
of tho right hemlthorax, Tlio point of maximal canlinc impulse wtia shifted to the riglit of 
the Bternura. Tlioro wns relative dullness of tho right chest, nssociated with diminished 
breath sounds. 

A roentgenogram of tho ohest (Fig. 1) revealed an elevation of Uio poriphoral portion 
of the right diaphragm. There was a (Uffu-so density throoghnnt the right lung field, asso¬ 
ciated with a market shift of tho mediastinum, Including the heart, to tJie right. Tliere 
appeared to be a herniation of tlm loft lung across tho anterior mediasHnom. On fluoroscopy 
limitation of diaphrograntic movement on the right was notetl. 

A bronchogmni (Fig. 2, A and 77) revealed hut one bronchus eoramnuieating with a 
ringle lobe on tlio right side. A bifid bronchial stump w«is noted projecting anterior to the 
Tbraalitod lobe. Tills was bollovcd to represent on occlusion of the middle and lower lobe 
bronchi with enrapensatorj* enlargcmont of tho upper lobe rowocinted with a fibrothorax. Tlie 
possibility of lobar agenesis of tho lung was suggostod. Because of increasing symptoms 
an exploratory thoracotomy was performed on Aug. 11, 1949. 

On exploration of the right thoracic cn\ity, tho pleural sjiace wan found to be com¬ 
pletely obliterated by dense fibrous tissue. Tho right lung consisted of a single lobe covered 
by a fibrous mombmne, which was pooleil from the viscom! pleura without difficulty. Tliere 

a blind bifid outpoucliiug of tho main bronchus nntoriorly about 3 era. distal to the 
®^irina (Fig. 3). Tlilg wns considered to be tho undovoloped primordium of the right upper 
and middle lobe bronchu Tho right pulnionnrj* artery wns found to bo 6 cun in length. 
There was no branching of this nrtoiy until it entered tho lower lobo, when it divided into 
the usual segmental brandies. The lobo wns supplied by a single vein occupying Uie anatomic 
poeltion of the inferior pulmonary vein. Tho superior pulmonary vein was absent. On 
eomplotion of the operation, tho right lower lolw completely filled tho cavity. The patient’s 
postoperative conrso wns uneventful and sho wtis dlscliarged on tlie sixth postoperative day. 

Case 2.—D. V. 8., a 2-moMth-old white male infant, was admitted to Childrens 
Hospital on Feb. 11, 1948, with the cliief complaint of ”riglit lung obstruction and vomlt- 
hig.” This patient had Irnd persistent vomiting sinco birth. On n previous admission to 
Mother hospital barium studies had ruled out tho possibility of pyloric stenosis. X-ray 
®^dles of tho chest had revealed atelectasis of tho entire right lung, dextrocardia, and 
compensatory emphysema of the left lung. There was no history of aspiration of foreign 
Ko eyanosis was seen at any time. There was no history of familial disease or of 
*^genltal abnormalities. 

On physical examination there wns a respiratory lag of the right cheat. The point 
of maximal cardiac Impulse was located near tho right nipple line. A soft apical systolic 
“Zinnur wns present. Breatli sounds were short and diminished over the right lung field, 
^ absent over tho area of cardiac dullness. Tho loft chest was hyperresonant 
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FIr. 2 , a (D. L. "W.).—BronchoErram revealing nn anomalous right bronchial tree. 


Fig. 2, B 


upper and middle 
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Hr. i (D. L. \y .).—niurtmtlon of tho conp«»nltol onomalM ami anatomic rclatlonjhlp* aa found 
ilurinp <*xplomtor>’ thonicotonjy. 
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Barium swallow aud fluoroscopy showed the esophagus and tracliea slightly denatd 
to the right. Cliest roentgenograms revealed a mediastinal shift to the right (Fig. 4), 
increased density of the upper three-fourtlis of the right lung field. The left Inng Ka= 
emphysematous. The heart was in the right hemitliorax and its borders were indistinct ant 
difiScult 1o outline. On the basis of these studies it was concluded that the changes in ffc 
chest were due to massive atelectasis on the right; however, it was also suggested that 
agenesis of the lung should be considered. Bronchography' and bronchoscopy were schednied; 
however, the infant suddenly expired before these proeednres could be performed. 

Necropsy did not reveal the immediate cause of death. Tlie pertinent findings were 
limited to the thoracic cavity'. The right thoracic cavity showed diffuse fibrous adhesioas 
between the pericardium and a single right lobe. The right middle and upper lobes were 
absent. The right-main bronchus communicated with the lower lobe without proximal branch¬ 
ing. The left lung was emphysematous and herniated across the midline into the right 
hemithorax. The heart was located in the right chest. The final microscopic and anatomic 
diagpiosis was lobar agenesis of the upper and middle lobes of the right lung. 

DISCUSSION 

Ttvo similar cases of loliar agenesis of a lung arc presented, parallels of 
■which the anthoi's have been unable to find recorded in the literature. In these 
two cases there was an agenesis of the right upper and middle lobes. One of 
these was proved by exploratory thoracotomy and the other by autopsy. Al¬ 
though Valle and Graham’® were the first to report a ease of agenesis of an 
entire lung proved by exploratoiy thoracotomy, we believe that this is the 
first ease of lobar agenesis to be so pi'ovcd. It appeal’s that the abnormality of 
bronchial development as represented in these two reported cases must occur 
between the 5 mm. and 7 mm. stages of the human embryo. 

SUAIJIARY 

Two eases of lobar agenesis of the lung are reported, one of which "was 
proved by exploratoiy thoracotomy', and tlie otlier by' necropsy. 

A discussion of the embryology' and a review of the literature of lung 
agenesis have been presented. 
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CONGENITAL ATRESIA OF THE ESOPHAGUS WITH 
TRACHEOESOPHAGEAL FISTUIjA 

Wiu^is J. Potts, M.D. 

CiiiCAOo, III,. 

O F ALL operable eongcnitol deformities seen in tlie newboni infant, none 
is associated with more difficulties than congenital atresia of the esophagus 
with tracheoesophageal fistula. The infant is usnall.v imdcnveight and not in¬ 
frequently premature. Other congenital deformities may be incompatible with 
life or may bo of such a nature that multiple early operations arc necessarj’. 
By the time a diagnosis is made many of these infants have pneumonia due to 
aspiration of saliva and liquids, or atelectasis ns a result of occlusion of the 
bronchi. Such an infant, too weak to cough, and too feeble to erv', is a poor snl> 
ject for a two to three hour anesthesia. The operative repair is long and tedious 
and the postoperative couise is made stormy by all sorts of local and general 
complications. It is little wonder that the mortality contuiues to bo rather 
appalling. 

Leven' and Ladd,’ in 1938, each saved the life of a child with tracheo¬ 
esophageal fistula by tying of! the distal end of the esophagus and e.'cteriorizing 
the upper end, but to Haight and Towsle}'" goes the honor of being the first to 
close a tracheoesophageal fistula and to suture the ends of the csophagiLS to¬ 
gether successfully. Since that time the continued work of Haight,' Ladd and 
Swenson,* Ijeven," Gross and Scott,' Swenson,’ Bigger,’ and many others has 
added much to the successful care of these infants. 

niAQNOSlS 

The diagnosis of tracheoesophageal fistula could so easily be made if at 
the time of delivery the possibility of .such a deformity was considered in aU 
aewbom children who breathe poorly immediately after birth, have excessive 

^om The ChUdren’s MemorlAl HospJtal. 

the Thirtieth Annual Meetlnir of The American Association for Tborado 
“'Tery. Denver. CoIcl, April 16-18, 1950. 
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mucus in the mouth aud throat, and have cyanotic spells during the earlv 
hours after delivery. Unsuccessful attempts to introduce a catheter into 
the esophagus of such a child at once should arouse suspicion of congenital ob¬ 
struction. Confirmation of the deformity is promptly established by intro¬ 
duction of a couple of cubic eentimetei-s of Lipiodol through a catheter into the 
blind pouch and taking an x-ray picture. Ideally the diagnosis should be 
made before attempts at feeding result in regurgitation and aspiration. 

Visualization of a blind up2>er end of the esophagus and the presence of 
air in the stomach or intestines makes a diagnosis of atresia of the esophagm 
ivitli tracheoesophageal fistula (Fig. 1). However, if in the presence of atreia 
of the upper end of the esophagus, air is not seen in the gastrointestinal tract, 
a diagnosis is made of atresia of the esdpJiagiis iinihont tracheoesophageal fistula. 
Occasionally the fistula between the distal csopliagus and the trachea is so small 
that air does not pass through rvith ordinary respiration. In one such ease, 
a gastrostomy was done and feedings were begun. Pressure in the stomach 
forced milk upwai-d through the fistula and carised fatal aspiration. 

Fortunately, a congenital tracheoesophageal fistula is an uncommon de¬ 
formity. Because it is \\ncommon .the possibility of its existence is quite 
naturally^ overlooked. 


iVNLUjYSIS OP CASES 

This re^uew of 35 cases of atresia of the esophagus ■with and •without tracheo¬ 
esophageal fistula seen at tlie Children’s Memorial Hosjoital during the past four 
years is presented, not as a proud display’’, but as a critical appraisal of the 
patient, its deformities, and their complications, of the methods of treatment, and 
of a possible simplification of the difficult technique of surgical repair. 

The infant’s weiglit at birth is of great prognostic significance. Nine of 
the 35 infants weighed less than 5 pounds on admission; 10 weighed between 
aud 6 pounds; 9 weighed between 6 and 7 pounds; and only 7 weighed 7 ponn s 
Or more. Purtbemore, 4 of tlie infants were from two to six weeks premattire. 
In 6 of the 9 infants weighing less than 5 pounds, the tracheoesophageal fist a 
was repaired aud an end-to-end anastomosis of the esophagus performed, 
died. Two of this group had extensive deformities incompatible 'odtli life an 
the ninth died follo'wing gastrostomy’’ on the basis of a diagnosis of simple atresia 
of the esophagus. Later a fistula between the esophagus and trachea was demon 
strated. The patient died after an attempt to close the esophagus transpen 
toneally^ 

Multiple deformities add to the hazard of operation. Besides the 
of the esophagus one infant liad a medulloblastoma of tlie cerebellum an 
infants bad subdural hematomas, all unsuspected, but found at 
examination. Two infants bad atresia of the rectum; one had bilateia^ 
sive anomalies of the genitourinary’’ tract; one had an interauncri ar 
defect, and one had a deformity’ of the ear and partial paraly’ais o 

The average age upon admission to the hospital was 3.4 days; 
age at opei’ation ’C’as 4.1 day’Si The majority had pneumonia and/or a e e 
at the time of operation. 
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Three of the 35 infants Imd congcaiital atresia of tlio esopliagns without 
tracheoesophageal fistula. One of tlie.se patients who had an antetlioracie place¬ 
ment of the stomach followed by intrathoracic transplantation is reported in 
the following article in this issue of the Jour.N’al. The balance, 32, had the most 
common type 111 deformity, that is, atresia of the upper end of the esophagus 
and a fistulous communication of the lower end of the esophagus u-ith the 
trachea at or near the earina. Thvo were inoperable beeauso of multiple de¬ 
formities and died shortly after admission. One originally diagnosed as simple 
atresia of the esophagus provml later to have a small communication ufth the 
trachea. 



ta 

rir. 1.—^Thc blind upper end of the osophapu* le fllled nitli Llplodol. Air In the etomach and 
iQtejtine proves the presence of a tracheoesophac^l communication. 



Of the 29 patients rvith a classical t.rpc III deformity, primary anastomosis 
of the ends of the esophagus was done ui 25. A preliminary gastrostomy fol¬ 
lowed by continuous suction as advised b.v Bigger was done in 3 patients to 
deflate the gastrointestinal tract and to allow time for treatment of the pneu¬ 
monia. None survived this proecdtu'c. One child ivith associated congenital 
atresia of the rectum failed to sumdvc a preliminary' colostomy. 

The 25 remaining patients mth classical ty-pe III deformities are of primary 
interest. Closure of the tracheoesophageal fistula and reconstruction of the 
esophagus by' end-to-end anastomosis was accomplished in all cases. Eleven of 
these patients survived the operation. One child died at 3 months of age because 
food would not go through the gastrointestinal tract. Exploratory laparotomy 
“nd Inter post-mortem examination failed to reveal the cause. Ten of the 
patients in this group are living and welL 
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PREOPEEATIVE CARE 

The preoperative care of these infants is demanding. Fluids are given 
^vith caution. If the child is dehydrated, sufficient 5 per cent glucose and small 
amounts of physiologic saline solution are given intravenously by needle or 
plastic tube in the saphenous vein at the ankle. While the average infant re¬ 
quires approximately 60 to 75 c.c. of fluid everj’^ twenty-four hours, per pornid 
of body weight (15 c.c. per pound of this as saline solution), the infant witli 
tracheoasophageal fistula is given about 40 to 50 c.c. as maintenance fluid re¬ 
quirement. Too much fluid to these patients, especially saline solution, may pro¬ 
duce pulmonary' edema. 

On admission the child is immediately placed in oxygen. The pharynx 
is carefully aspirated xxdth a soft rubber catheter about every half hour. 
Haight adxdsed frequent turning of the infant and in case of atelectasis sug¬ 
gests placing the child on the opposite side xvith the head slightly lowered. 
Adequate doses of penicillin and streptomycin are immediately begun. Age 
and condition of the infant xvill determine the necessity for an inunediate 
blood transfusion. During the operation approximately' 10 c.c. of blood per 
pound of body xveight is routinely giA'en. 

Bigger has made the excellent suggestion that gastrostomy be done be¬ 
fore the tracheoesophageal fistula is attacked. Continuous suction on the 
gastrostomy tube not only deflates the gastrointestinal tract, but also prevents 
regurgitation of irritating gastric juice and bile into the bronchial tree. 17e 
hax'e followed his advice in the treatment of 4 cases. The fact that 3 of the 
4 died is due, not to any' failure of the procedure, but to the extremely poor 
condition of the patients. 


OPERATION 

Anesthesia for these infants is a problem. We have used cyclopropane 
and oxygen administered through a tightly fitting face mask, or 
intratracheal tube. Recently' we have been using open-mask ether. The ^ 
four patients operated upon hax'e all had open-mask ether and all 
No conclusions may be drawn from this sudden buret of good fortune. ^ 
small face mask is always handy' for administration of pressure oxygon 
moment’s notice. Likewise an intratracheal tube and laryngoscope are ne 
by for any emergency. 

After the child is anesthetized, it is turned to the prone position 
right side slightly elex'ated and the right hand di'aw'ii upward (Fig- 
Through a parascapular skin incision the rhomboid and trapezius ninsc ^ 
cut and the scapula is retracted laterally. We resected 
ments of two, three, or four ribs until Leven suggested that instea we 
a long segment of one rili—the third or fourth. There is no doubt t a^^ 
tion of one rib is far superior to the removal of segments of a hazard 

Exposure is better, there is less danger of tearing the pleura an^ 
of postoperath'e paradoxical movements of the chest is ^pp^ghrac 

parietal pleura is carefully pressed away from the chest wall an 
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w-ith ft spfttuln and n tiny piece of gauze caught in the end of fine hemostat. 
The only plaee wliere there is real danger of injuring the pleura is during 
ligation of the azj’gos vein. Haight avoids this pitfall by not eutting the 
nzj’gos vein but merely pushing it aside. If perchance, a hole is made in the 
pleura it is at once repaired if im.ssiblc, otherrvise eovered with a pledget of 
gauze. The lung beneath is collapsed and rctracterl ^vith a broad malleable 
retractor. 



EIb. 1 A ana B. — A, The fourth rib ha« been roeccted eubperloateaUr. B. The patholoej' le 

exposed. 

The distal end of the esophagus is easily found and dissected free as far 
M necessary for proper handling. If is transfixed and tied with a silk suture 
near its attachment to the trachea. The esophagus is gi'asped with a fine¬ 
toothed clamp and cut near the transfixion suture. A few interrupted silk 
sntures are placed in the stump of the esophagus on the trachea (Pig. 2, C). 
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The upper end of the esophagus is eaugJit at the very tip with an Allis 
forceps, drawn down, dissected from surrounding structures, and freed from 
its fibrous attachment to the trachea (Fig. 2, C). If there is the slightest diffi¬ 
culty in finding the upper end of the esophagus a catheter pushed down throngli 
the mouth will promptly identify it. A similar toothed clamp is now applied 


Upper part cf escphaj^us 



Fig. 2 C to F .—See text 


across the upper segment (angulated clamps are desirable because t ^ 
more room for suture), and the small bit of muscularis caught in 
clamp is cut off. The muscularis is pushed up a bit and an 
respond to the size of the lumen of the lower segment is made in t e 

(Fig. 2, D). . 7 c In the last 

The ends of the esophagus are held together tvith the clamp • ^g^tiied 
six patients operated upon we hare used the first models of the a 
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dnctns clamps previously de8cribecL“ These clamps are somewhat lighter 
than those routinely used at present for division of a patent dnctns arteriosus. 
The teeth interdigitato slightly. Tearing of the museularis occurred in one 
case because a heavier coarctation forceps was used. It is extremely impor¬ 
tant that the clamp be completely closed or it will slip and tear the esophageal 
wall. As the ends of the esophagus arc being brought together most of the 
traetion should be exerted on the upper end which is thick and strong. AVe 



^ i 0, ff, 1, »na J .— a, n, and T, ra text. J, The dralnase tube la inasrted throuch a amall 
Stab wound and is fixed to the foaola of the vertebrae. 

liave found the clnmiw superior to traction sutures which arc likely to pull 
out and tear the esophagus. The telescoping technique of anastomosis ad- 
by Haight is routinely used. AVith the clamps held straight up the pos¬ 
terior row of sutures between the mucosa of the upper segment and the 
^tire thickness of the lower segment are placed (Fig. 2, E to J). Fine silk, 
Deknatcl swaged on a small curved needle, has been tised. AVe have re¬ 
cently used with satisfaction OOOOOO silk Deknatel on a smaller needle as ad- 
by Haight All the sutures are so placed that the knots are to the out- 
After the posterior row of sutures has been placed the clamps are low- 
c*‘ed and the anterior row is placed in a similar manner. The clamps are 
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again elevated and the mnseularis is drawn down over the original line of su¬ 
ture and attached to the Avail of the lower segment. Once more the clamps 
are loAvered and the anastomosis is completed anteriorly in a similar manner. 

Drainage of the mediastinum is absolutely necessary. Until Bigger pub¬ 
lished his paper on this subject in 1949, Ave routinely drained through the in¬ 
cision. Tavo patients died of collapse of the lung and tension pneumothorax 
outside of the pleura due to air aspirated through the Avound presumably along 
the drainage material. Digger’s most Amluahle suggestion is that a drainage 
catheter be inserted through a separate small stab wound in an interspace 
beloAV the incision near the edge of the A-ertehra (Fig. 2, J). The No. 10 or 12 
French catheter with a couple of extra holes near the end is draxvn through 
the stab Avound into Avhich it fits very tightly and is brought to lie near, but 
not against, the anastomosis. Pres.sure on the lung by the tip of the catheter: 
can be avoided by throAving a fine catgut stitch around the catheter and su-' 
turing it to the fascia over the vertebra. . ' 

The lung is noAV expanded by adjusting the anesthetic mask to the child’s 
face and making pressure on the anesthetic bag. After the lung has been com-, 
pletelj' expanded the chest is closed snugly by suturing the adjoining ribs to-:; 
gether with a running suture of surgical gut. The Avound is closed in layers; • 
Avith surgical gut and the skin Avith silk. 'While the anesthetist is making pres¬ 
sure on the anesthetic bag a clamp is applied to the drainage catheter to main-*; 
tain expansion of the lung. 


POSTOPERATIA'E CARE 

The infant is returned to an oxygenated cnb. The drainage catheter is . 
coimected Avith a constant suction machine to remove any fluid, but above 
all to keep the liuig expanded. To aA'oid excessiAm negatiA-e suction a water 
bottle AAdth an escape tube, Avhich alloAvs only 10 cm. of Avater negative pres 
sure, is connected in the suction system. The tube is left in the chest for at, 
least ten days; suction is maintained until it is sure that the pleura is fixe 

Penicillin and streptomycin are continued. Fluids in the form of glucose, 
plasma, and occasionally blood, are given as necessaiy. Sodium chloride so w 
tion is given in A'ery small, amounts. The child is kept in oxygen a num er o 
days. If mucus tends to collect in the throat, careful aspiration is done ry ^ 
trained person Avho Avill not push the catheter doA\m the recently suture 
esophagus. Aspiration of the throat often stimulates a beneficial cough. 

Until recently gastrostomy Avas routinely done forty-eight hour’s a 
repair of the esophagus. It is always done if leakage from the anastomosrs^i 
profuse. A gastrostomy in such cases is a necessary evil, the source o 
ing and often disastrous complications. If there is no leakage, or if it is 
slight, a gastrostomy now is not done. On about the third day the 
giAmn a few cubic centimeters of Avater eAmiy hour. The child is swa 
saliva anyway—it might as Avell sAvalloAV a little sterile water to help 
esophagus clean. If all goes Avell the water is sloAvly replaced i.V 
formula cautiously increased to a maintenance diet. In the ^ 
marked leakage, feeding by gastrostomy must be done by a slow eo 
drip or the feedings Avill promptly flow out of the posterior AVOund. 
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Postoperative stricture of the esophagus at the point of anastomosis is 
expected if leakage has been profuse. To facilitate dilatation, it is desirable 
to have a string through the esophagus but to get it there may be difficult. 
The infant is given a line thread by mouth and some formula to ivash it down. 
If the thread does not come out of the back it is assumed that it is in the 
stomach. The stomach is filled with water and the gastrostomy tube is 
promptly removeil. The thread floats out of the gastrostomy opening irith the 
water—sometimes. A hea\-y string is then tied to the thread and draivn 



1.—Anteropoiterlor and lateral roentfionoBraphlc views of on oaophneua two weeka after 
nna*tonio#lK. No ntncturo ‘levolopeU. 


through the esophagus and the ends of the stnng are tied together. If the 
thread wdll not go do\\Ti, n fine cntholer is passed through the esophagus into 
the stomach under the fluoroscope. The catheter Ls fished out of the stomach 
ond the string tied to its other end is drawn through the esophagus. From 
three to thirteen dUatationa were necessary because of varying degrees of 
stricture in five children. The gastrostomy is kept open until it is demon- 
*rtrnted that no further dilatations are necessary. Dr. Paul Holinger aud Dr. 
Aibert Andrews, of the Endoscopic Bepnrtraeat, prefer, when possible, to do 
retrograde dilatations of esophageal strictures -with graduated bougies at¬ 
tached to a string and drnmi through the esophagus. 
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Postoperative roentgenograms of the esophagus follo-\ving a swallow of 
barium (Pig. 3) may appear discouraging but should not be interpreted too 
harshly. In spite of the deformity the child can usually swallow without diffi- 
cult 5 ^ However, optimism should be controlled or a seemingly harmless de¬ 
formity may suddenly terminate in total stricture very difficult to open. 


SUMMARY 

Thirty-five patients '\vith congenital atresia of the esophagus vith or with¬ 
out tracheoesophageal fistula are analyzed, not to justify, but explain the con¬ 
tinued high mortality associated with surgical correction of these deformities. 
In 25 infants the fistula was closed and the ends of the esophagus W'ere an¬ 
astomosed. Eleven patients survived the operation and 10 are thrimg and 
well from three months to three years following operation. Holding the ends 
of the esophagus together Avith fine-toothed clamps Avhile the anastomosis is 
being performed appears advantageous in simplifjlng the technique of suture. 
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CONGENITAL ATRESIA OP THE ESOPHAGUS 

AnTETHORACIC PLACEilENT OP THE StOMACU FOLLOWED DY InTRATHORACIO 

Transplantation 

Willis J. Potts, JI.T). 

CiiiCAQO, III. 

W HEN congenital atresia of the esophagus is associated with tracheo¬ 
esophageal fistula, closure of tho fistula and end-to-end anastomosis of the 
segments of tho esophagus are usnnlly possible. (See preceding article in this 
issue of the Journal.) However, in 3 infants who had congenital atresia of 
esophagus mthout communication with the trachea, the distal segment was too 
small and too short to be brought in contact with the upper segment. One of 
these children, G daj’s old on admission, died two daj's after simple gastros- 
tODiy. An unsuccessful attempt was made in the second child to bring the 
widely separated blind ends of the esophagus together. Following gastros¬ 
tomy and exteriorization of tho upper end of the esophagus, the child did 
well for one year. Antethoracic placement of the stomach was then followed 
in a few hours by death from hyi)erpyroxia although the operation was simple 
technically. The third case, reported in detail, is of interest because of un¬ 
anticipated difRciUtics corrected by a surgical procedure hitherto undescribed. 

CASE RETORT 

Marie H., aged 2 daye, ^velghlng 6 pounds ami 3 ounces, was brought to the Chil¬ 
dren's Memorial Hospital In an oxygen cabinet, Doc. 12, 1047. At birth much fluid was 
aspirated from the throat before normal respiration was eatabllshed. The pnny, wrinkled 
Infant was too feeble to cry. Thick mucus constantly collected about the baby's mouth. 
Injection of 2 c.c. of Llpiodol through a catheter Into the upper end of the esophagus 
revealed atresia. Absence of air in the gastrointestinal tract indicated atresia without 
communication with the trachea (Fig. 1). The lungs were relatively clear. General 
phplcal examination revealed no other deformities. The child was kept in oxygen for 
twenty-four hours and given sufficient fluid in tho form of 6 per cent glucose and saline 
solatiom to meet physiologic requirements. The pharynx was aspirated each half hour. 

December 18, under closed mask cyclopropane anesthesia, through a right para- 
ecapular incision segments of the second to ftfth ribs were resected subporioatcally. Extra- 
plenral dissection of the mediastinal region revealed that the distal segment of tho esopha¬ 
gi* was short and verj* small. In fact, at rest the segments of the esophagus were sep- 
srated by almost three inches and could not bo brought together by traction. The chest 
was closed vrithont drainage. During the operation 50 c,c. of whole blood were given 
hy needle In tho saphenous vein at the ankle. 

The following day the resident correctly end frankly noted on the chart, *‘the child 
looks surprisingly good." She was kept in oxygen and frequent suction of tho pharynx 
wu continued. Weight fell to 4 pounde and 11 ounces. 

Gn December 15, under general anesthesia a gastrostomy was done. The stomach 
exposed through a muscle splitting incision in the right upper quadrant and a de 
Pezzer catheter inserted through a small incision in the stomach wall. Tho stomach in- 

the Children’s Memorial Hospital, 

8or»*S.^ before the Thirtieth Annxtal Meeting of The American Association for Thoracic 
Denver. Colo., April 15-18, 1960. 
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cision was tightly closed about the catheter and the abdominal wound was closed. Small 
feedings were cautiously begun and built up to maintenance by December 18 when the child 
was 8 days old. Because transplantation of the stomach into the chest ;vith anastomosis of the 
fundus to the upper end of the esophagus inside the chest was contemplated, exterioriza¬ 
tion of the upper end of the esophagus at the neck was delayed. In retrospect this delay 
was unwise because atelectasis developed. Furthermore, in view of the respiratory diffi¬ 
culty this child had at 22 months of age when the stomach was placed in the chest, I do 
not believe it would have tolerated such a procedure during early infancy. Nursing care 
of the infant was a tremendous burden because of the necessity of frequent pharyngeal 
aspirations of mucus. 



Flo. 1.—Absence of air In the gastrointestinal tract Indicates atresia of the esophagus wlthou 

tracheoesophageal fistula. 

On December 31, the baby rather suddenly became cyanotic and showed dullness 
the entire right chest. Roentgen examination revealed atelectasis. Prompt 
aspiration of secretions in the bronchus improved the child’s condition consi 
Repetition the following day was followed by return of breath sounds in the rig ® 
and return of the heart to the left side. 

On Jan. 16, 1948, the upper end of tho esophagus was exteriorized above the 
clavicle under cyclopropane anesthesia. The infant now improved rather 
was discharged from the hospital February' 4, weighing 7 pounds and 7 ounces. 
tomy feedings were continued at home. On Sept. 28, 1948, at the age of 10 mon ^ 
child, now weighing 15 pounds, 6 ounces, was readmitted to the hospital. 
time attention was called to an article by Eienhoffi describing antethoracic ^ g 

tion of the stomach and anastomosis of its fundus to the exteriorized cervical esop 
Rienhoff, in a personal communication, vouched for tho simplicity and nonshoc mg 
ity of this procedure. His predictions were substantiated. 
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On October 4, under other nnesthesln, a cur\’ed loft roctns ineijiion wa* made in the 
upper abdomen. The pastrostomy opening in the abdominal -vyall -n-as freed and the 
pMtrOfftomj* closed n*ith two layers of interrupted sutures placed parallel with the long 
axis of the stomach. 



The transverse colon was separated from the greater curvature of the stomach. The 
brevia and the left gastric artery were donbly ligated and cut (Fig. 2). The lower 
Wgment of the esophagus was drawn out of the mediastinum with considerable difficulty 
“Qt without accident. The esophageal stump wai cut off at its point of entrance into the 
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stomacli and the opening closed Tvith two rows of fine silk sutures parallel with the long 
axis of the stomach. The stomach was entirely freed. 

A transverse incision was made above the left clavicle with the esophagostomy wound 
in the center of the incision. The end of the cervical esophagus was dissected free from 
the surrounding structures. The skin over the left part of the sternum and the anterior 
margin of the adjacent ribs was freed by blunt dissection from the xiphoid to the line of 
incision above the clavicle. The fundus of the stomach was grasped with an Allis forceps 
and drawn beneath the skin to the end of the cervical esophagus. It was interesting to 
note that the stomach could be drawn to this position without tension, in fact, it could 
easily have been drawn up another inch. An anastomosis between the cervical end of the 
esophagus and the fundus of the stomach was accomplished with two layers of fine inter¬ 
rupted silk sutures. It was gratifying to see free bleeding from the incision in the fundus 
preparatory to the anastomosis. The cervical and abdominal wounds were closed. Tech¬ 
nically the operation was simple and free from shock. 





Fig. 3.—The subcutaneous stomach functioned well but was huge and unsightly. 


The postoperative course was entirely uneventful except for a small stitch a sc^-^ 
at the outer angle of the neck wound. Four days after operation feeding was 
by the tenth postoperative day a maintenance diet was being taken. A swallow of a 
on the fourteenth day after operation went into and through the stomach without evi 
of obstruction. ^ 

The child was dismissed from the hospital and in general progressed verj well. 
was taken eagerly. The first few months after operation the subcutaneous stomac 
not excessively large, but as months went by the stomach increased marke^ y la 
(Fig. 3) although it functioned perfectly. After an ordinary meal the child s c m ^ 
literally buried in the fundus of its stomach. The.parents were willing and eager a ,, 
attempt be made to correct the deformity. 
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Two methods of placing the stomach in the chest were considered; one, severing the 
esophagogastric anastomosis, freeing the stomach from Its antethoracic position, drawing 
It through the diaphragm to the apex of the chast, and Teanastomoaing it to the esophagus. 
The idea of breaking down the anastomosis did not seem attractive. Consequently an 
alternative method not heretofore described was considered and tried in the post-mortem 
room. It appeared feasible. 

On Sept. 28, 1P4D, the child, now 22 months old, was readmitted to the hospital and 
under intratracheal cyclopropane-oxygen anesthesia the following operation was per- 
formcKh The stomach was thoroughly omptlod. A cannula was placed in the saphenous 
vein at the ankle for administration of fluid and blood. A long skin incision was made 
from the loft clavicle to a point midway between the xiphoid and the umbilicus. The 
stomach was easily scpnmtcd from the skin and sternum. It had established no vascular 
communications with the surrounding tissue- The stomach was entirely freed from neck 
to tho pylorus. The abdomen was opened sufllciently to expose the diaphragm. 



Flfc The stomach was freed and nil the costal cartilages to Uie left of the Btemum exposed. 

Extensions of the fibers of tho pectornlls major muscle were freed from the costal 
cartilages along the left edge of the sternum (Fig. 4), Beginning at the lower margin the 
costal cartilages, from the seventh to the second Inclusive, were cut slightly lateral to the 
rtemocoital junction. The intercostal arteries were tied as the ribs were cut The peri¬ 
cardium was easily pushed away from tho costal cartilages. As the upper ribs were cut 
the left pleural cavity was opened. The medial portion—approximately one-half—of tho 
cla\icle and a similar segment of the first rib were removed with the periosteum. The 
vessels beneath were pushed backward- 

The diaphragm was now split straight back to the vertebrae. The ribs were re¬ 
tracted laterally, the stomach was placed in the left pleural cavity behind the lung and 
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the heart, and fixed to the pleura in this position (Fig. 5). The diaphragm was repaired 
allowing sufficient room for stomach emptying, A de Pezzer catheter was drawn through 
the seventh interspace from the inside out for drainage. The costal cartilages were ap¬ 
posed and fixed, each with a through-and-through silk suture. The fascia of the pectorslh 
major muscle was drawn over the line of incision in the ribs and sutured to the sternum 
thereby giving an airtight closure of the cheat. The lung was ro-expanded and the catheter 
drain clamped. The abdominal portion of tbo W'ound was closed. The skin edges were 
coapted with a running silk suture. The esophagus laj' easilj' in the depression made bj 
resection of portions of the first rib and clavicle. The operation required two and one- 
half hours. A transfusion of 250 e.c. of wffiole blood was given during operation. The 
child was returned to her room in excellent condition and placed in oxygen. The drain¬ 
age tube was attached to an under-water seal. 



L, clavicle 

-subclay art. 

-Y-2,nd 

^L. lun^ 

—^—Heart 
'—StomacK' 

I 

^^^-J.Diaphra^m 



Pig. 5.— B, The costal cartilages were cut and segments of the first rib and clavicle were 
removed. The diaphragm w-as split. 

C, The stomach was placed and fixed behind the lung. 


For three days the child did verj' well and was started on a liquid diet 
milk. The stomach became distended with air. Respirations became very rapi v 
SO per minute) and cyanosis was visible. For two days all food and fluids were re 
Her condition was precarious. A Levine tube was inserted transnasally into the ® 
for feeding, but the child objected so strenuously that it was removed in 
hours. Penicillin injections, intravenous fluids, and Levine tubes made the spin e c 
completely uncooperative. The mother, a very intelligent woman, was asked to 
the hospital to feed and care for the child. Promptly the child began to take ui^ ® 
food willingly and on the fourteenth day after operation was discharged in verj goo 
dition but exceedingly suspicious of every man in white (Fig. 6). 

During the first month after operation she gained a pound in weight, 
months after the final operation, she is doing very well, eats four meals a day an 
vigorously. Respirations were somewhat rapid for a time hut are now normal. ^ 

It is appropriate to mention gratefully the tremendous amount of 
given, this patient bj' the nursing and resident staff. Such children require a 
stunt nursing service. This child received approximately 600 injections ® ^ during 
and streptomycin, 13,000,000 units of the former and 8 million units of the a e 
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the totnl licwpitBlltatlon of J2:i (lny«. The TeBldontu odministorcd 50 of intrnvcnonp 

Kolutionjt, flucU flfl: blood, ploama, glucose, saline, and Araigon. lAFoat of It was given 
Intravenously. Every a\‘nllablp vein in the legs, arms, and scalp was used to capneity. 

DI8CU8SI0X 

Evorj' cfCort should lie niid is being made by surgeons to bring together 
the ends of n congcnitnll 5 - ntretie esophagus. At times because of nude separa¬ 
tion of the segments, anastomosis is impossible and gnstTOstomy, phis e-Ttcri- 
orirjition of the upper end of the e.soiibagus. is neeessan-. 



Fiff. G.—rjiotofimpb of chihl ten after operation. 


Various procedures bare been devised to overcome the misfortune of a 
liennniient gastrostomy. Ladd- bad some brilliant successes and a number of 
failures iu the construction of nii antethoraeie esoplmgus of skin tubes. Un¬ 
fortunately, regurgitated gastric juice breaks down a skin tube esophagus and 
results iu tistnla formation. Swenson-' in a numlier of cases constructed an 
esophagus of jejunum which he placed antetliorncically beueath the skbi and 
aiia.stomosed to the cxtoriorir.ed ceiwical esophagus. Iu this procedure, since 
the stomach is hy-passed, irritating gastric juices cannot reflux and produce 
fistulas. Tie had difficulty in some cases in bringing the jejunum to the osopha- 
gms and had to insert a short skin tube. Harrison* has brilliantly accomplished 
the constmetion of on intratlwracic esophagus in two cases from a segment of 
jejunum. This opcmtioii, done in three stages, ha.s tlic decided advantage of 
avoiding the cosmetic defect of any type of sulicutnnoous esophagus. Auns- 
toinosis of the distal cud of the transplanted jejunum to the stomach, ns done 
by Harrison, is also desirable. Sweef sucees-sfully restored continuity of the 
olimentarj- canal liy transplanting the stomach of a 21-month-old child into 
the chest and anastomosing the fundiLS to the cervical esophagus. Consider- 
mg the distressing and nlanning dyspnea our patient at age 22 months had for 
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a few days after intrathoracie placement of the stomach, it is doubtful 
whether such an operation should be done during early infancy when en¬ 
croachment on respiratory space is poorlj’- tolerated. All methods devised for 
restoration of a normal food passage are worthy of consideration and develop¬ 
ment. Failures and a high o]ierative mortality should not discourage .surgeons 
from making strenuous efforts to relieve a child of the distressing hurdeu of a 
permanent gastrostomy. 

CONCLUSION 

Although the case of this child terminated happily, antethoracic trans¬ 
plantation of the stomach is not advised. 
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KUCOXSTRUCTIOX OP ESOPHAGUS 
Poss UoDKimoN, JI.D., P.I{.C.S.(C!), and (by iatvitatiox) 

T. R. SARJ^iv^■T, jr.I)., P.R.C.S.(ENn.) 

Vancouxtbi, Britisii Cdluiidia 

R ECOXSTRUCTJOX of the oiitirc cMopliiiKUK \rilh n traii.sUioriiek'. jejuiinl 
trnimplnnt wns firxt I'oportcd by Dr. Albert UiivrisoiP nt the meeting of 
this As.socintion in Quchec in .Inne. llis work wiis bnscil in turn uiion 

that of RienhntT,- Ytulinp Herzen,* nntl Roux.** RienhnfT wiis the lirst to trnns- 
])lnnt the jejunnm tvithin the thoriix iind Inis de.serihed fully the histnrienl 
development of the niierafion in his nrliele." 

Harrison performed his openition in three stages. At the fii’st stage a 
tuhe of jejunum tens prepared with one nrende of blood suiiiily, isolaterl. 
hrought U]) through the transverse ine.soeolon, and the distal end anastomosed 
to the atonmeh. •Tejunal contimiit.v mas restored by end-to-end nnn.stomosis. 
Two weeks later the left chc.st and diaiihragm were aliened and the esophagus 
divided nt the cardia, freetl, and brought out through an incision in the neck 
along with the proximal end of the jejunal tube, h'inally, two wcclts later the 
esophngojejunnl nnnstomo.sis was made in the neek. 

YTiile listening to Dr. Hari'ison’s exeellent presentation, one was im- 
iwcssed with the magnitude of his proeedure. The seeond stage of the opera¬ 
tion seemctl relativci.v slioeking and freeing the transplanted loop of jejunum 
without injuring the blood supplj' appeared difficult. This feeling was eon- 
finned during the discussion when Dr. Sweet stated that “the operation is not 
an eas}' thing to accomiilLsh.’’” 

A few weeks later, with these thoughts still in mind, a tlmnoetomy was per- 
fonned for myn.sthenia grniis. The ease and safety of dissection in the an¬ 
terior mediastinum suggc.sled a new loenlion for the Iransjilanted jejunum. 
It appeared that a relatively short tunnel eould he made in the anterior medi- 
nstimnn, safely, and, with a minimum of .shock. A one-stage opei-ntion might 
lie possible and many difficulties avoided. 

Dissection on cadavers confirmed many of these suppositions. It was found 
that the internal mammarj' arteries were protected by the transverse thoraeic 
lausclcs and the insertion of the sternothyroids (big. 1). If the anterior medi¬ 
astinum is approached from above and below exactly in the midline, the dis¬ 
secting fingers can press close to the under surface of the sternum and costal 
cartilages and, remaining safely in the plane of the endothoraeic fascia, pmsh 
'lack the parietal peiicardium and paiietal pleura to form a tunnel from ab- 
doaicn to neck large enough to admit a hand (Fig. 2). 

As in Dr. Harrison’s cases, rcconstniction of the entire csojihagtis was de¬ 
sired most often for lye strictures, but one hesitated to attempt an untried 

beforo the Thirttoth iVnnual Meeting of The Amorlcnji Awwclatlon for Thomclc 
•’’urcetT. Denver, Colo^ April 16-18, 1950. 


6S0 



THK journal of THORACIC SURGERY 


GDO 

procedure on tliese patients. So it was first used as a palliative for inoperable 
carcinoma of the esophagus. 

The technique changed as complications were encountered. Rienhoff’s 
method of pi-eparing an antiperistaltie tube of jejunum (Fig. 3) was used at 
first, but lalm- abandoned reluctantly as the importance of the direction of 
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Fig. 1,—^Anutomy oC untcrlor chest wnll vlewctl from behintl. 
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of the ligamentum teres of the liver and, during the closure of the wound, facilitata 
the closing of the peritoneum around the jejunum as the latter passes from the peritoneal 
cavity to the anterior mediastinum. 

The jejunum is brought out of the abdominal cavity, spread fan-udse on warm moUt 
towels, and the distribution of the superior mesenteric artery studied (Fig. 4). The rela¬ 
tive sizes of the first four or five branches should be noted. If the fourth or fifth branch 
is a large one, it means that the first three or four can be severed writhout jeopardizing 
the blood supply of the bowel, because the retrograde flow through the arterial arcade 
close to the intestine will be adequate. Tliis can be tested by simultaneous digital com¬ 
pression of the vessels chosen for division. The jejunum may then bo divided near the 
ligament of Treitz and therefore permit the distal end to be anastomosed to the esophagus 
in an isoperistaltic manner (Fig. 5). 



Fie. 6. 

The distance from the tliyroid cartilage to tlie region of the ligament of Trei 
should be measured with a piece of tape which is kept for frequent use while 
the jejunum. The marked tape is laid along the lino of the vascular arcade o 
mesentery to get an approximate idea of the length of jejunum required. The periton 
of both sides of the mesenterj^ of this length of jejunum is then totall)' removed roni 
root of the mesentery outward to the edge' of the jejunum. This is facilitated an 
is reduced bj’ injecting 0.5 per cent Novocain subperitoneally on both sides of the m 
terj'. Great care is taken to avoid even minor hemorrhage, lost an important anastomo 
vessel might have to be tied. All nerve fibers running in the mesenterj' are 
they greatly limit the eventual straightening of the length of jejunum. ^ualb' 

of the superior mesenteric artorj' and their accompanying veins are then m i _ jj’; 
ligated, close to the main arterj', beginning with the first branch and proceeding 
until the required length of jejunum has been obtained. We have not had to I'l ® 
than four branches. 

The jejunum is then divided about two inches distal to the ligament of 
ing just suflicient beyond the ligament to allow an end-to-side anastomosis ° 
later. A clamp is left on the proximal end, but the distal end is tied and trans 
heavy silk and the ligature left about eighteen inches long, so that subsequen 
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be pawed up through the nnlorlnr mcdin»tinum. Tho portion of jejunum to be trans* 
poied is now straightened out nnd any addltlonnl nen-os or other tissue limiting this 
procedure nro divided. ^Vo hnvo found it possible to obtain greater length by ensuring 
that all peritoneum has been completely removed right up to the bowel. If secondary 
branches of the divided arteries limit the straightening of tho jejunum, they may be 
divided if it is demonstrated that additional adequate anastomoses exist between them 
(Fig. 4). Veins must not be ligated any more froel.v than arteries, for venons drainage 
U just ns Important as arterial supply. 

Having prepared the jejunum for its transposition, considerable time can l>e saved 
by continuing tho operation ns two surgical teams. One team completes the abdominal 
part of the procedure, while tho other team exposes the esophagus in tho neck and does 
tho csophagojojunostomy. 



6.—Sacittal section Jllustratinc location ot JeJunol transplant In anterior mediastinum. 


From tho al>domen, tho anterior njediostinum is entered (Fig. 0) through tho nntero- 
medUl gap of tho diaphragm, by blunt dissection upward and to either side, close to the 
deep inrfaee of tho xiphoid process and costal cartilages. If the xiphoid process is long, 
it can be removed. Tho diaphragm is then separated from the costal margin by blunt 
dissection for two inches on both sides of tho raidline. This allows the surgeon's entire 
hand to enter the anterior mediastinum. Blunt dissection with tho fingers Is gently carried 
upward anterior to tho pericardial sac, carefully pushing both pleural reflections laterally, 
h’o troublesome hemorrhage has been encountorml during this procedure. Gradually the 
hand Is worked upward until it meets the fingers of the other surgeon working downward 
from the neck. 


The cervical incision is made along the anterior border of the left sternomastoid 
®Q*cle well down over the opisternal notch. The left side is chosen as the lower cervical 
®«phaguB deviates slightly to the left. The deep fascia is then opened down into tho 
•uprasternal space, tho loft strap muscles divided, and the esophagus approached between 
the trachea and tho carotid sheath (Fig. 7), Tho recurrent laryngeal nerve Is then identi¬ 
fied and protected and the cervical esophagus freed from the trachea and cervical spine 
drawn up into the wound. The esophagus is clamped with slotted forceps below, 
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narroTv forceps above, divided, and the stumps carbolized. The distal stump is then su¬ 
tured with continuous chromic catgut through the slotted forceps and invaginated -with an 
additional layer of interrupted black silk. 

The anterior mediastinum is then tunnelled -with the fingers from above keeping close 
to the sternum and separating the inner part of the insertion of the sternothyroid muscle. 
Space should be made to admit three fingers. 

The long ends of the heavy silk tie on the proximal end of the jejunum to be trans¬ 
posed are now passed up through the anterior mediastinum and the jejunum very carefully 
drawn upward. Great care is taken not actually to pull on the narrow mesentery of the 
bowel for fear of injuring an artery or vein. The jejunum is pushed up through the medi¬ 
astinum rather than pulled, and the silk ligature used ns a guiding string. An attempt 
is made to la}' the jejunum on its side and to avoid kinks, for the length of the bowel is 
always greater than the length of the mesentery. 


mUliE 7 
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Fig. 7.—Jejunum anastomosed to esophagus In the neck. 


Excess length of jejunum is excised and the upper esophagus divided above ^ ® ^ 

row clamp. The esophagpis and jejunum are then anastomosed meticulously wit 
layers of interrupted invaginating sutures placed 3 mm. apart. For the inner 
chromic catgut is used through all layers of the gut and securing a good bite of the 
geal mucosa. The outer layer is of 0 black silk and so placed as to invaginate the 
gus into the jejunum. The wound is then lightly powdered with sulfathiazole pemc 
mixture and closed with a Penrose drain. 

Meanwhile an end-to-side anastomosis has been made between the short stump 
jejunum left beyond the ligament of Treitz and the side of a convenient por 
jejunum. 2 

A gastrostomy is made, using a mushroom catheter and bringing the cathe er 
or 3 inches lateral to the paramedian incision. . 

The diaphragm is not sutured back to the costal margin and the 
loosely closed around the jejunum as the latter enters the anterior mediastinum. e 
of the wound is closed in the usual manner. . -y 

The patient is fed intravenously for three days after operation, when gas 
feedings are commenced. Gastric suction is applied immediately for disteMion. 
fluids are allowed by mouth after the second week and soft foods and soli s 
third week. 
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CASE REPORTS 

Case 1.—ilra. E. U., aged DO jeara. On Sept. 23^ 1948, tliorncotomy revealed a car¬ 
cinoma Involving the lower eiophnguB and mo^t of tho stomach and infiltrating the peri¬ 
cardium, lung, and aorta. 

Three vreeka later an eaophagojejanoatomy waa performed through the anterior medi- 
artinom. An nntlporlstaltlc tulw waa prepared by the method of RienholT and was a good 
color until drawn into the neck, where tho ond woa blue and viability appeared doubtful. 
It was clear that excess tension had been applied, injuring tho vessels of the arcade. How¬ 
ever, after n few minutes tho color improved slightly and the anastomosis waa completed. 
At tho end of the operation, the patient’s blood pressure was 130/80 and pulse 100, Two 
days later she complained of n sense of oppression beneath the lower stomum, the pulse 
accelerated, and she died on tho following day of gangrene of tho jejunal tube. 

Case 2.—irrs. S. B., ngc<l 70 years. Patient admitted to tho Vancouver General ITospi- 
tal on OcL 28, 1948, with a carcinoma of tho loiter third of tho esophagus and secondary de¬ 
posits In the cervical lyniph nodes. She waa very emaciated, weighing only 85 pounds. 

Twelve ilnys later a cen'ical oaophagojejunostomy was performed. Secondary tumors 
were found In tho coliae lymph nodes, Uvor, ond mesentery. As in the first cose, an anti- 
peristaltic tube of jojnnum was used ond a gostrostomy was not done. Condition of pa¬ 
tient at end of operation was good with Idood pressure 13(i/P0 and pulse SO. Two days 
later tho neck incision was clean and so tho Penrose drain was removed. Bips of water 
were commenced by mouth, but the patient vomitod bilo-stnined fluid and continued to do 
so without letup. Klght days after operation both the neck and abdominal incisions were 
clean and sutures were removed, but the persistent vomiting commenced to produce fecu¬ 
lent fluid. Two days later this fluid flrat discliorgeil from the neck incision. 

In the fourth postoperative week the abdomen was reopened. The jojunal tube was 
hypertrophied, and contracted firmly when touched. The jejunojejunostomy was well 
healed and widely patent, yet the bowel dietal to it was absolutely collapsed. Obviously 
the stoma was not functioning yet no adc«|uotc rooson could be seen. A second side-to-eide 
jejunostomy was performed below the first and a catheter jejunostomy established for 
feeding lower down. Tho feculent vomiting continued and the patient died a few days 
later. 

At autopsy the jejunal tube was liable. The fistula in the neck from the esophago- 
jejunostomy was G mm. in dlnmotor; otherwise the anastomosis was intact. 

At the time it was felt that tiie vomiting and incomploto wound healing were the 
result of widespread tumor ractnstoses. Unfortunately, the association of the vomiting 
with the anlperlstaltic tj'pc of jejunal tube woe not yet fully appreciated. 

Case 3.—ilr. AL J. McL., aged 69 years, March 1, 1949, patient was admitted to 
Shaoghnessy Veterans Hospital and found to have a squamous carcinoma involving the 
lower 0 cm. of the esophagus. It was realirod that a supm-aortic esophageal section would 
be required, A preliminary' osophngojojunostoniy was planned to be followed by a second 
fltige for complete removal of the thoracic esophagus and the cardia of the stomach. 

A cervical esophagojejunostoray was performed with a jejunal tube throngh the an¬ 
terior mediastinum. An antiperistaltic tube was again used but in addition a catheter was 
inserted into the jejunum for feeding. At end of operation blood pressure waa 123/70 and 

Nm 02. 

Tonr days after operation his condition was good and clear fluids were commenced 
ijy mouth. The next day ho began to complain of nausea and increasing pain and pressure 
in the upper abdomen. Various measures failed to give relief and he became increasingly 
distended and short of breath, and died on the eighth postoperative day. 

Autopsy showed acute dilatation of tho stomach, duodenum, and transplanted 
jejunum. There waa no gas in tho stomach which accounted for the failure to mak e a 
dingnewis. The jejunojejunostomy was patent and well healed but apparently not function- 



696 


THE JOURNAL OP THORACIC SURGERY 


ing. The neck ■n'ound was well healed but the esophagojejunostomy although intact a-as 
not safely healed, for although the esophageal muscle and jejunal peritoneum had adhered 
the mucosal layers were not continuous (Fig. S). 

IVe were then forced to the conclusion that an isoperistaltic tube was essential to a 
well functioning jejunojejunostomy. In addition a gastrostomy is necessary for prolonged 
feeding to permit secure healing of the esophagojejunostomy. 

Case 4.—Air. C. T., aged 43 • years. Patient was admitted to the Vancouver General 
Hospital on April 14, 1949, haring swallowed lye five weeks before. Barium swallow showed 
the esophagus occluded beneath the manubrium (Fig. 9, A). While being prepared for 
esophageal reconstruction an emergenev" operation was necessarj- for perforation of the 
stomach which was found to be shrunken and indurated as well as ulcerated. At the same 
time a catheter gastrostomy was made for feeding. 

Ten days later a cervical esophagojejunostomy was constructed through the anterior 
mediastinum using an isoperistaltic tube and other measures ns described above in onr 
present technique (Fig. 9, B). 



. , . ? —Longitudinal section at site of esophagojejunostomy shoring extent 

eight days after operation. The esophageal muscle'and jejunal serosa have aane 
gap in the mucosa remains. 


A month later he was able to swallow fluids only. At esophagoscopy the invagi 
edges of the esophagus at the anastomosis were found adherent to each other. T ey 
readily freed with bougies and separated widelj' leaving a large lumen. A barium sw 
five weeks after operation showed jejunal transplant in the anterior mediastinum unc 
ing well (Fig. 9, C). Subsequently he has been on a fiJl diet with only occasiona 
in swallowing leafy vegetables. ^ ^ j 

In June he developed signs of a penetrating gastric ulcer and on June 13 


gastrectomy was performed. The lower stump of the esophagus was 


sutured and m- 


vaginated. The excised stomach was extensivelj' scarred and ulcerated from ye 
especially along the lesser curvature. 

At present he is working full time on the farm, eats heartily, and weighs 
The isolated esophagus has not caused trouble. It seems likely that the mucosa 
entirely destroyed. 


Case 5.—Air. G. S., aged 69 years. Patient was admitted to the Vancouver 
Hospital on July 3, 1949, with a carcinoma of the esophagus, ulcerating into t e e^^ 
bronchus, and occluding the esophagus (Fig. 10, A). Patient was emaciated, 

105 pounds, his heart was fibrillating, and there were rales at the base of bo n 
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(1947) when streptomycin was begun. Although penicillin has been distinctly helpful 
it has not been the panacea we thought it would be, because of the frequent presence of 
penicillin-resistant organisms. Out results have been distinctly better since streptomvcin 
has been employed in conjunction with penicillin. In the 42 cases treated during the last 
three years, there have been 29 recoveries and 13 deaths following operation. 

In order to reduce the mortality further, it seems to me that it is necessary for us 
to modify our previous philosophy regarding the multiple-stage plan which ve formerly 
avoided. It used to be our endeavor to obtain esophageal continuity by direct anastomosis 
even at very long odds. If one takes such long chances because of too great separation 
of the segments, a certain number of the anastomoses will break down and the mortality 
in this group will be considerable. In the last year we have started the multiple-stage 
plan in several cases when an esophageal anastomosis did not seem advisable. It is 
planned to obtain intrathoracic continuity at a later date by esophngog^strostomy or by 
esophagojejunostomy, ns described previously by' Dr. A. W. Harrison or ns described today 
bj' Drs. Robertson and Sarjeant. In our cases, three primary esophagogastrostomies have 
been done by other members of our staff, one of them by Dr. C. F. Storey being success¬ 
ful. By and large, however, this operation ns a primary procedure in the infants without 
air in the stomach carries a high risk and, therefore, I feel that the safer plan is to tide 
such infants along with gastrostomy and cervical esophngostoray until such time as they 
can more safely withstand csophagogastrostomy or esophagojejunostomy. 

The operative approach ns described today by Dr. Potts, and earlier by Dr. L A 
Bigger, has much to be said in its favor, although I have not used it as yet, inasmuch as 
the right extrapleural approach with the resection of short lengths of tliree ribs posteriorly 
has given adequate exposure. 


DR. LOGAN LEVEN, St. Paul, Minn.—It was a pleasure to hear Dr. Potts' and Dr. 
Robertson’s papers. IVe have had some experience with tracheoesophageal fistula at the 
University Hospital in Minnesota. Since 1939 we have seen 77 cases, and in only 5 the 
operation was not carried out either because the patient died in the receiving room or the 
parents refused permission for surgery. In our earlier experience we performed a gas¬ 
trostomy on 5 patients. This probably was worse than no operation at all, since it adde 
to the regurgitation through the tracheobronchial fistula into the lungs. In our first cases 
we performed the so-called multiple-stage operation, doing 20 such cases. I believe ths 
the multiple-stage operation will always have a place in the management of some of thwe 
cases. In the simple atresias without tracheoesophageal fistula, the distance between t e 
segments of esophagus is usually so great that a primary anastomosis cannot be carne 
out, and the risk of bringing the stomach into the chest as a primary procedure is ei 
ceedinglj' great at this age. Accordingly, I believe the multiple-stage operation woul re¬ 
duce the mortality in such cases. _ j. 

Of the 20 in which we performed a multiple-stage operation, 11 have surviv^ 
am sure at the present time this mortality would be improved considerably. Of 
surviving, six have had reconstructions, five by using an antethoracic jejunal tn e a 
one by an intrathoracic operation, bringing the stomach into the cervical region an 
forming a primary anastomosis. Dr. Richard Varco has performed these reconstmc 
with no mortality. The use of the jejunal tube antothoracically may' have 
merit. The stomach is left in the normal position with intact vagus nerves. The 
of the undesirable cosmetic appearance could bo corrected by division of the ® ^ 
placing the jejunal tube iiithin the chest after it has been successfully reconstructe a^^^ 
thoracicaUy, as Dr. Potts did with the stomach in his case. The risk of bringing t lO ^ 
tube subthoracicaUy would be considerably less than bringing it up through the 
primary procedure. In none of our cases have we lost any of our jejunal tubM. J 

an anastomosis of the jejunal tube to the cervical esophagus was not carne 
primary procedure but performed after an interval of several weeks. living 

We have carried out primary anastomosis in 47 cases and have 30 that are 
The results in the last few years have been considerably better than was our initia exp 
In the last two years we have performed 19 primary anastomoses, ivith 15 pa en 



ROBERTSON AND SARJEANT: RECONSTRUCTION OF ESOPHAGUS 703 

and welL It is of considerable Interest that these 19 cases have been done bj’ seven different 
surgeons of the Surgery Department of the University of Minnesota HoapitnL 

"We have used an incision in tho right chest, removing tlie third or fourth rib In its 
entirety in all our cases since tho first sncccMful case in 1039, when we did a multiple-stage 
procedure, ligating tho tracheoesophageal fistula extraplcurally. I feel that this incision gives 
very adequate ciposnro and agree with Dr. Potts that a satisfactory chest wall is the end 
result. 

I should like to emphaslro the limitation of fluids and, especially, the limitation of saline 
in the postoperative period. In most of our cases wc perform a gastrostomy the day follow¬ 
ing primary anastomosis of tho esophagus. In 10 cases we did not perform a gastrostomy, 
hot I feel that it is a safety precaution which facilitates tho feeding problem in these cases 
in the postoperative period. 

In all our cases wc have use<l c\'clopropane, and in the last several years have used intra¬ 
tracheal anesthesia. In none of the cases have we hod difficulty incident to the anesthesia. 

DIt, GEORGE 11. IIUMPItnEYS, New YonK.^—I nm soriy I cannot give detailed 
statistics, but at the Babies' Hospital In New York wo have had experience with approxi- 
matelj- 60 of these procedures over the past ton years. Tho philosophy back of the proeeduro 
U interesting. I seem to have gone through exactly the reverse of Dr. Haight's change in 
philofophy. Wc Btartc<l oat by doing mostly mnlUple-stoge operations, bringing tho esophagus 
op into the neck and closing the fistula. AYo now try to anastomose them, even at long odds. 
I think that change in philosophy lins been dno to the difficulties In doing the secondary re¬ 
pair in these cases. 

We do gastrostomies in all our patients. As Dr. Leven said, we feel that it is not alwuys 
necessary when the repairs are satisfactory and the children ran swallow probably very 
promptly, We know that Is the case because the amount of mucus which is aspirated T\-ill vary 
with the patency of the annstomosie, and when the child does not have to bo aspirated fre¬ 
quently tho anastomosis is working well However, we do feel it is safer not to feed early 
except by gastrostomy, and the dangers of parenteral over-hydration Imve already been empha- 
ilxed. 

We do not drain. Wo have drnlne^l In tho past and liave regretted it; we think some¬ 
times drainage predisposes to leakage. Some leakage has occurred and has had to be drained 
wcondnrily, but if an anastomosis can be made eatisfaciorily and gastrostomy Is done early, 
I think there will bo very few leaks. 

I would like to point out one fact which ^vc have found out to our cost, which is in 
contrast to what Dr. Potts mentioned. That is, that absence of air In the stomach and 
Intestines does not mean absence of a fistula. Boote of theso fistulas may bo very small, the 
child may be very \renk and does not have r strong enough cry or cough to force air through 
the fistula. In lucli a case there would bo no air, especially in tho first few days of life, in the 
intestinal tract, yot a fistula may l>e present. 

Our mortality is high, approximately 30 to 35 per cent. Technical considerations play 
a part, but the prime factors are those omphasired by Dr. Potts, prematurity, faOure to 
®nke the diagnosis early, and aspiration pneumooia. 

dr. HARRIS B. SHTJ^LACKER, JR., Indianapolis,—I should like to comment briefly 
about one aspect of the problem of utUlxing the jejunum; namely, that of its blood supply. 

I think we all are in agreement that there arc many cases in which tho jejunum seems to bo 
Ihe ideal structoro for use in esophageal reconstruction. Since tlie days when Roux first 
proposed the use of this organ, however, tho one feature which has plagued operators has been 
th« inadequacy of the blood supply of tho freed and mobilited limb. It seemed to me that 
Perhaps experience* with peripheral circulatoiy disorders might offer a suggestive lend. We 
^ow that the gradual occlusion of a major arterial stem ia often tolerated without loss of 
tttsue when the sudden occlusion of the same artery would ordinarily produce massive gangrene. 
Following Gib lead, Dr. Bntlersby and I have recenGy completed some animal experiments 
^•1 one human application which I Iwlicve will go a long way toward solving this problem. 

have found that loops of jejunum of a given length when freed of their arterial blood 
*’^PPly ia one stage inevitably lead to gangrene find rupture, but maintain adequate circula- 
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tion if the division of tlie arterial supply is staged ; first, dividing every other artery and at 
a later date, dividing the inten-ening ones. If we divided in one stage the blood vessels to 
loops of the jejunum of the dog ranging from 25 to 40 cm. in length, gangrene and mptnre 
inevitably took place. In contrast, if we divided every other vessel and, a week or ten davs 
later, divided the intervening ones, we had segments as long as 55 centimeters maintain go^ 
circulation. Indeed, by using three stages in one animal we obtained a Boux-Y limb, which 
was almost 100 cm. long and which was successfully transplanted into the neck. 

I think the results are well illustrated in two lantern slides which I should like to Ehow. 
In the rat, if one ligates four consecutive jejunal arteries, inevitably the intestine immediafelv 
becomes cyanotic, as is illustrated in the first slide, and it subsequently becomes gangreBoas 
and ruptures. As is sho;vn in the next slide, a Boux-Y' can Ire constructed and six consecutive 
vessels ligated in two stages with maintenance of good circulation. 

In one human being with a total esophageal stricture from lye injury, this principle 
has worked extraordinarily well. A Roux-T jejunal limb was made and some of the vessels 
divided; ten days later the remaining vessels were divided and the jejunum transplanted; a 
week later the anastomosis was performed. 

DR. OSLER A. ABBOTT, Atlanta.—I should like to comment on two aspects of the 
tracheoesophageal problem. We arc becoming increasingly convinced that Lipiodol should not 
be used m the study of those patients because of the frequency with which it may spill over 
into the tracheobronchial tree and carry with it a consideable amount of inspissated material 
from the upper esophageal segment, which is a potential serious danger. We are trying 
to emphasize to pediatricians in our area to make the diagnosis by insertion of a catheter 
alone, and if Lipiodol is insisted upon, that a preliminary clean-out of the upper esophageal 
stump be done. We have had several x-ray pictures sent to us showing Lipiodol spilling over 
from a blocked upper stump into the tracheobronchial tree. 

I should like to mention that we have had experience with two patients of the same 
tj’pe as Dr. Haight presented, without atresia, but with tracheoesophageal fistula of congenital 
type. One of these was discovered, and operated upon successfully, within the first six weeks 
of life. Wo also feel that one of the greatest help which one of our staff obtained recently 
from a visit to Dr. Haight's clinic, is the importance of keeping the child on the side to he 
operated upon, for twenty-four hours prior to operation, so that all the inflammatory and other 
trouble in the lung may be confined to that area. This has been of tremendous value to ns 
and, I think, deserves emphasis. 

DR. CONRAD LAAT, Detroit.—I thought there might be some interest in a progrKS 
report on the two boys whose pictures I showed two years ago in Quebec. If yon recall, t f 
continuity of the esophagus in each was obtained by the somewhat outmoded method of s in 
tube construction. The oldest child I have not seen professionally, but have seen socia y a 
few times; he is now in second grade in school and apparently is sufifering no psychologica y 
bad effects from his antethoracic esophagus. I should like to ask Dr. Potts if he thinks t 
esophagus could be transplanted to an intrathoracic position by his method. 

The second child, I must report, is still abve and healthy, but about six months ag^ 
he had what appeared to be acute foUicuIar tonsiUitis, and the inflammation spread 
the chest about the skin tube. I had to insert a tube for feeding for a few days. 
opening has persisted as a sinus and shows little tendency to close, although the o y 
that is necessary for this boy to eat three meals a day is for the mother to put a sma pi 
of adhesive tape over it. 

DR. JULIAN JOHNSON, Philadelphia.—There is one point I would like 
I am sure that a good many- people over the covmtry are doing these tracheoesop age 
by the transpleural approach. We have been using it for the last year or eighteen 
at Children’s Hospital in Philadelphia. Making a fourth intercostal incision, 
pleural and the operation can be done much more quickly, usually being comp 
hour and fifteen minutes to an hour and a half. It seems to us that the only 
might be a leak at the point of anastomosis, resulting in generalized empyema. ® 

one leak of this type; it has not produced a generalized empyema, however. y 
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the leak occurred there Tvaji apparently aufOclont sticking of the lung around that area so 
that the tube which had been placed in tho manner described by Dr. Potts took care of the 
leak satisfactorily. AVo think the operation can be done much more quickly; we think the 
children do not have ns much respiratory difRculty postoporativoly and, all in all, in our 
short experience wo have been favorably impressed. 

DR. R. H. 8AVEET, Boston.—There are one or two points on which I would like to 
comment. One is about tho use of the stomach to restore continuity in theso multiple-stage 
cases of which Dr. Potts and others have spoken. It seems to me that his experience has 
quite amply demonstrated that the liettor place for tlio stomach is in the chest rather than 
in tho subcutaneous area. This, of course, con be done as a primary procedure and, in my 
experience, has worked well. I would like, however, to lend emphasis to some of the com¬ 
ments this morning, that it is unwise to do that opemtion in an Infant, becanse of the 
disparity in size between tho enormous Iluirt and gas flllod stomach and the volume of the 
thorax. ‘ In ray liands, at Tenst, it Iuih not lK*cn a successful procedure. I much prefer to 
delay and use tho stomach later. 

Tho other comment has to do nith the use of tho jejunum. Tho essaj-ists and com¬ 
mentators this morning liavo brought up some of the difficulties. Dr. Robertson referred 
to the experience I had with a patient presented before this Association in tho discussion 
of Dr. narrison's report, which I believe lends weight to tho wisdom of Dr. Harrison’s 
point of view that tho lower end of Iho jejunal segment should bo implanted into the 
stomach. That patient bohavod very ntuch like a person who had a jejunostomy performed 
for feeding, and we were unable to maintain a satisfaetory degree of nutrition. She lost 
weight at home and the only way we could keep her In good condition was to keep her 
under supervision in the hospital. At a later date I reoperated upon her and transected 
the loop of jejunum above the jejunojejunostomy, implanting the proximal end of the 
transected portion into the fundus of the stomach. 8inco then she has maintained a satis¬ 
factory nntritional state. 

DB. POTTS (closing).—ifany Interesting and valuable points have been brought out 
in the discussion. Dr. ITalglit asked about tho virtues of resection of n rib instead of 
the subperiosteal resection of three ribs. Wo believe that we get better exposure in 
that way, because tlie ribs of an infant aro extremely flexible. AATien one rib is removed 
a small mastoid retractor will easily spread tho ribs widely. In closing the wound these 
^ry flexible ribs can bo brought together; if the fourth is resected the third can be 
sewed to the fifth and thus furnish a solid chest wall against which tho child can breathe. 

I was glad to hear tho tendency toward intrathoracic transplantation of the jejunum 
ai an esophagus. I think Robertson’s suggestion of putting it behind the sternum is an 
excellent one. After all, these children put tliemsolvea unwittingly into our hands and ere 
entirely helpless in what we do. The parents cannot evaluate our advice. I do not believe 
that a girl should have an nntethoracic transplantation of anything—jejunum or anything 
®lw- It is going to be a very peculiar deformity at the age of IG years. I question 
whether it should be done on a l>oy. After all, to live nobly, as Dr. Eloesser has said, 
18 BDch an extremely important thing. Tho psychologic effect of having such an abnormal 
etmeture on the front of the chest, when the youngster goes to high school and college, 

I believe will be disturbing. I am sure all efforts should be made toward intrathoracic 
construction of esophageal tubes. 

DR. ROBERTSON (closing).—! wish to thank Dr. Haight particularly for his 
indieation that he mav be tempted to use a jejunal transplant in the anterior mediastinum. 
Regarding the problem of nutrition in these patients, ns brought out by Dr. Sweet, we 
have anticipated difficulty in that regard, hut ao far tho two patients that have done well 
have gaioed a great deal of weight; one man has gained about sixty pounds and the other 

with Hodgkins' disease, has gained twenty pounds, and w© feel we will reserve the 
transplant into the stomach for patients who fail to gain weight. 

Postoperative x-ray films on these patients show some retrograde filling of the 
I believe Dr. Haxrison, also had that experience. 



USE OP THE BUENS VALVE AS A SIMPLE RESPIEATOE FOE 
INTRATHORACIC SURGERY IN THE DOG 

Joseph T. Dameron, M.D.* (by invitation), and DA^^D G. Greene, M.D.t 

Buffalo, N. Y". 

T he efforts of members of the surgical staff in this laboratory were handi¬ 
capped by the lack of a simple respirator -which did not produce anoxia and 
a progressive increase in carbon dioxide content of the blood when attempting 
various intrathoracic operations in the dog. 

Use of-the “Arindshield.wdper” respirator' used in many laboratories re¬ 
sulted in the death on the table of many of our animals from anoxia and ven¬ 
tricular fibrillation. This maciiine operates by giring a . sudden blast of air 
into the trachea for inflating the lun^. The degi-ee of deflation of the lungs 
depends upon, the amount of leakage around the intratracheal tube. The intra- 
ti-acheal .pressure during. inspiration and expiiution is uncertain. Sustained 
intratracheal pressure during expiration greater than atmospheric pressure 
impedes the venous return to the heart and consequently cardiac output. This 
laboratory has had no pei'sonal experience vith either the Crafooi'd' or Mautz’- 
machines. Both are expensive and require a skilled attendant. Gibbon’s data 
suggest these two machines do hot ahvaj's overcome a tendency for a rise in the 
arterial CO, tension. Gunkler and Mahoney® have recently described a com¬ 
plicated respirator for intrathoracic surgeiy irithout giving either blood gas 
values, or the intratracheal pressure during inspiration and expiration. ■ 
The Bums valve' was developed during the last war for the Air Force as a 
respirator. The mechanics of the valve may be found in Burns’s original paper. 
The purpose of this paper is to report: (1) the adaptation of this valve foi 
anesthesia duilng intrathoracic surgeiy in the dog and cat; and (2) to present 
data on the arterial blood gas v'alues in the dog, when operating the valve wt i 
either compressed air or 100 per cent oxygen. 


METHODS 

A. Description .—Over 150 dogs weighing between 12 and 75 pounds have underg^^ 
prolonged intrathoracic operations using the method to be described. This de'uce 
also been adapted to the cat. The preoperative medication in the dog consists of rnorp 
sulphate 0.015 Gm. and atropine sulfate 0.0004 Gm. given intramuscularly one hour p 
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oporutlvely. Tho finlnml \n nneflthctired llRhtly with either pentotlial or pentobarbital 
by the intravenouB route. A No. 30 Colby homoBtatie cothetor, which nmv bo found on 
mo*t urological Borvices, inserted into the trachea and tho bng inflated for a tight geal. 
We have found this catheter to make nn excellent Intratracheal tube. It han a durable 
bag which Is not easily punctured. A No. IS Foley catheter with the tip cut oft ia crbIIv 
adaptable aa nn intratmchenl tube for tho cat. An ether bottle ig interposed between the 
Bams valve and the intratracheal tube. If the line pressure is set to cut off at a pressure 
of 12 to 14 enu of water or less, the lungs \vi!l rhythmically inflate 14 to 20 times per 
minute to the desired pressure, and nupplemontary other may bo given as necessary*. The 
11 animals in which blood gas analysoR were itiadc were completely anesthetized with 
pentobarbital, since slight truces of ether might invalidate the blood gas determinatJons. 
Fig. 1 demonstrates the apparatus ns used. 



l.~The apparatus a* used: .1, Bums valve. B, E^her bottle with regulator. C. Pres¬ 
sure gtiuire and regulator for muxlraum pressure. 


B, Blood Gas Analysis .—-Arterial blood was obtained from the femoral arterj" of 11 
In the 7 dogs in which comprcw'od air was used, the partial pressures of carbon dioxide 
and oyygen (pCO, and pO,) were obtained by tbo bubble technique of Hiloy and associates,* 
4 dogs ia which 100 per cent oxygen, was used, arterial blood samples were analyzed for 
^ygen ind ,carbon dioxide content, and oxygen capacltj’ by the method of Van Slyke and 
Neill,* and the pH was measured with a glass electrode. From these figures the pCO, was 
^^lated using the nomogram of Singer and Hastingsi^' for human blood. In all 11 ex- 
P«ritnsnts, one sample of arterial blood was taken after the dog was premedicaled with 
">urphine and anesthetized with pentobarbital prior to opening the cheat and connecting 
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the respirator. This is labeled control sample. >Subsequent samples were obtained after 
the chest had been opened and the respirator functioning for one and one-half to three 
and one-half hours. 

The intratracheal pressure in dog No. 208 was recorded graphically, using a Hathway 
blood pressure recording system, and is reproduced in Fig. 2. 

RESULTS 

The Burns valve has been used successfully in over 150 prolonged intrathoracic 

operations in the dog and in 6 cats. It has eliminated the need for an anesthetic attendant 

in the operating room. No dog has died on the operating room table while the valve ww 

in use, a record which is in strihing contrast to our experience with other method?. 


PRESSURE'lN ENDOTRACHEAL TUBE, ..Hy 



Fig. 


2.—Variations In pressure throughout the rcspIratoiT cycle. 

ti'acheal tube. Time lines Indicate 0.1 second inten’ahs. Hog 


The partial pressures of carbon dioxide and oxj'gen are recorded graphically in g 
and a detailed analysis of the blood is given in 'Table 1. One will note that when 
respirator was operating on compressed air, approximately 21 per cent oxygen, the 
dioxide tension of the blood never rose above normal limits and in most instances 
was a decrease. When the respirator was operated on 100 per cent oxy gen, the ^ 
to blow off carbon dioxide excessively was not noted. In 2 dogs a high carbon ^ 
tension was noted with the use of 100 per cent oxygen. Acidosis was noted a 
use of the respirator and 100 per cent oxygen in all 4 dogs in which the pH of the a 
blood was measured. This had decreased in comparison with the control value 
in one it developed although the control value was normal and in one it remained ess 
the same as the control value. . 

The shape of the intratracheal pressure curve. Fig. 2, shows a fairly a 

pressure during inspiration, and a rapid drop at the beginning of expiration o pjiaje 
more gradual decline which never reaches atmospheric pressure. The inspi j.gggnre 
is longer than the expiratory^ phase of respiration. Although the peak change, 

is higher in the tracings taken with the che.st open, the general shape j},e two 

The increase in peak pressure is due to a slight change in line pressure e w 
tracings. 
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Table I 


CUEJIT CLOSED, NO RESPIflATOR, ANES* 
THETIZED (CONTROL SAMPIJ:) 

CHERT OPEN, WITH nERlTRATOR 




31% OXYOEN 

in0% OXYOEN 

POO 

pCO, 

I'O, 

pco. 

POj 

IKTO, 

po. 

NTUBER 

(MM. llg) 

(MM. HR) 

(MM. HR) 

(MM. HR) 

(ilM. Jlp) 

(MM. HR) 

in 

63 

61 

16 

105 

_ 

_ 

171 

43 

03 

26 

111 

- 

_ 

173 

40 

45 

38 

01 

_ 

_ 

136 

50 

80 

46 

71 

. 

_ 

103 

46 

78 

37 

66 

_ 

_ 

164* 

34 

07 

0 

88 

21 

1-*3 

187* 

41 

84 

28 

OD 

34 

145 



100% 

oxYonx 


CO, 







COST. 

pCO, 

0| 

CO, 




(V0L8. (MM. 

RAT. 

CONT. 

pco. 


ii. 

%) 

hr) 

p" 

(VOLK, ^f.) 

(MM. lip) 

iJii 

K.VT. % 

301 40,6 

04 

7.16 83.4 

40J1 

4«; 

r 3ti 

100- 

231 43J1 

67 

7.17 83.4 

35.0 

49 

7 :•< 

100+ 

207 43.4 

36 

7.43 81.8 

43.8 

65 

7 15 

10<)- 

217 47.0 

60 

7.18 83.6 

44.7 

GH 

7.16 

06.6 


•Doga roaintalnod on r^aplrator with compr^aaed nir (Jl pat cant Oj' for two houra 
^,»«^nd anmple then obt^^n(^d. The third aamplc obtoma.l ah'-'- further nrnlntennnce on 
for thirty* mlnutea with 100 per cent Oi. Approxluiat'' t»Ti’lc.ns oattmated by RlJoy 



I ANESTHETIZED CONTROL SAMPLE 
B ARTffXJAL RESPIRATION. 2IX 0^ 
0 ARTinOAL RESPIRATION.lOOX 0^ 


^—Blood eaa result* expressed In terms of carbon dioxide and oiyfren tensions, 
uter rneeanred directly or calculated. Plus mnrka Indicate that oxypen tension was 146 
Normal xTiluea for carbon dioxide tension 36 to 4S mm. He. for oxygen 
t^n nf mm. Hff. The graphic Illustration was obtained on eleven anlmala each 

* I column* having been obtained on a separate animal. 
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DISCUSSION 

DR. P. R. MAUTZ, Cleveland.—My interest in mechanically controlled breathing 
also originated in the surgical laboratory, and about twelve years ago we began to use 
mechanically controlled breathing in clinical thoracic surgery. We found some differences 
between the dog and man duo, presumably', to such factors as relative size, \'igor of the 
pulmonary reflexes, anatomic differences in the pleural membrane, and such pathologic 
processes as pleural thickening, adhesions, and pulmonary fibrosis, with emphysema some¬ 
times present in man. As a rule these pathologic processes wore not present in the dog. 

In our earlier experiences these factors gave us some difficulty in taking over 
mechanical control of breathing without resorting to a depth of anesthesia that might 
be detrimental. However, following the introduction of curare, our clinical problem was 
greatly simplified, and at present a future seems assured for mechanically controlled 
breathing. We have now used mechanically’' controlled breathing in approximately 3M 
patients, controlling respiration from the time just before the pleura is opened until the 
pleura is closed, and -we feel that patients can be kept in a better phy'siologic state for 
procedures of considerable duration by this method than by other methods of management. 
I have no quarrel -with the anesthetist who wants to get his exercise by manual compression 
of the breathing bag, provided he will supply the necessary' amount of pulmonary venti a 
tion. I think in the future wo must bo concerned with getting the amount of pnlmonary 
ventilation necessary not only to get oxygen into the blood, but also to adequately ehnr 
the blood of carbon dioxide. I feel quite sure that we are going to see improvements m 
mechanical equipment and, by further evaluation of the actual job of ventilation being 
done, I think we are going to find that mechanical ty'pes of breathing ivill be of co 
siderable %-alue, especially' in prolonged operations, I do not think we need worry a o ^ 
accumulation of carbon dioxide in short procedures; it is in the long procedure t at w 
must be concerned. 

DE. CLARENCE CEAFOOBD, Stockholm. Sweden.—In my opinion it is a to* 
mental phase in intrathoracic surgery' that has been touched upon by the preiious sp 
Mechanical control of re.spiration as soon ns the chest is opened, in onr experience,^^ 
only' method that gives respiration similar to the phy’siologic. As y'ou know, 'we a\ 
this type of respiration on my service for more than fifteen years in all our c inica 
■with most satisfactory results. It was based upon laboratory studies 
early thirties. These showed that mechanically' controlled respiration, Trith an 
phase similar to the one the animal had ivhen breathing spontaneously, and 
phase without any increase of pressure ao that the expiratory gas could ow 
gave the best results when investigating the arterial oxygen tension and t e con 
carbon, dioxide in the blood, as well as the values of the pH. clinical 

JYe have used mechanically' controlled respiration now in several yery 

cases, and we have had no complications from using this method. It a® 
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pratlfyinp to me to find that in thi* conntrj' cluriug the last few yearn, an increanlng 
interest has boon shown in usinp tliis tx-pe of respiration for prolonged chost opomtions. 
I believo that the retarded development in this field in your conntr)' is dno to the two 
schools of anesthesia from Jladison and Boston, which eniphasiro that the ancathotist 
roust follow the spontaneous resplmtion very* closely In order to judge the condition of 
the patient, I am convinced, however, tlml there is no reason whatsoever not to pamltTe 
all the respimtoiy- nmsclcs and to regnlute the respimtion of the patient mechanically 
daring the time of nn open chest opemtion, which method certainly is superior to any 
other. 

DR. PAINK (closing).—I think one can appreciate tlio value of this valve in an 
eiperimontnl lal)omtorv. AVe have had no dog die of ane.sthcsin in the Inst 150, since this 
instrument has Ifoen used. AVe have Inien nlde to dispense with an attendant to take care 
of the anesthesia; the thing is set up. then one scrubs and goes ahead. ATo have been 
trying to get our anesthetists in BufTalo to use this cllulcally, 'nith some reluctance on their 
part Maybe they think they will soon not be needed. Probnbly -10 or 50 per cent oxygen 
would be bettor than 10(1 per cent. 

I might just show you the fourth slide, which shows the interior of this little valve; 
it is nn ingenious affair. Anyone who is intoroslod can purchase fliis machine from the 
Mine Safety Appliance Company; they did have an oflice bore in Denver, 
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R ecent technical advances liave made possible an immediate assessmeut of 
the blood oxygen saturation and ether and oxygen concentrations in the 
inhaled gaseous mixture. These several devices .supplement the anesthetist s 
sense of clinical judgment in the care of his patient. However, the instantaneous 
evaluation of alveolar carbon dioxide tension in the anesthetized patient still 
remains an area of confusion and recurring concern to the conscientious anes¬ 
thetist, and more imiiortant, a grave potential hazard to the patient. Many 
attempts of limited success have been made to record the onset and duration of 
hypercapnia, but to date the interference introduced by those nhxtuies o 
anesthetic gases commonly used has prevented accurate, frequent, and rapi 
analyses for carbon dioxide. The problem of hypercapnia has recent y een 
emphasized by both Beecher and Stormont.^’- The former stressed the impor¬ 
tance of this problem, particularly in thoracic surgery where the issue is o en 
additionally complicated by an associated diseased respiratoiy system. is 
studies reported an average increase of the alveolar carbon dioxide ™ 

tion to 13.7 per cent in 16 pneumonectomy cases. This rise was associat w 
an average drop in the blood pH to 7.09. The Hender.son-Hasselbalch equa ion 
was utilized for calculation of the alveolar carbon dioxide value after measurmg 
the arterial blood pH and carbon dioxide concentration. Though siich p jmeo^ 
chemical methods are vei\v accurate under noimal conditions, the time mvo 
in analyses and the necessity for anaerobic arterial blood samples as ue as 
errors introduced bj^ the presence of anesthetic gases limit their widesprea 
as clinical tools for the anesthetist. The purpose of this paper is to piesen 
alternative method for resohdng certain of these difficulties. 

At the University of Minnesota a continuously recording poifable ma 
spectrometer has been developed by one of us (A. 0. N.) for use in the 
rooms and physiologic laboratoiy as a rapid recording gas ana yzer. . 
electronic device (Fig. 1) is capable of quantitatively analyzing the 
of a mixture containing five different gases. Every twenty secon s ^ 
is repeated mth an accuracy -within 1 per cent. The presence of 
introduces no measurable error. An instrument such as this shou of 

to the anesthetist, for it would allow him to obtain immediate 
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cnrbon dioxide concentmtioii in tlic exlmlcd mixture ns well ns the amount ot 
nncathctic gns in the system. He i.s therefoi'c in n more favoi'flhle position to 
diagnose h^■pcreapnia nt its ineipiency, to take the nccessnrx' corrective measures. 

The mass spectrometer has been used for about thirty 3 ’enrs h.v ph.vsicisLs 
in their stud\’ of the elements. It has been used cxteusivelj' in uiduHtr 3 ' as a 
leak detector and analyzer of unknown gas samples. However, biologists have 
been slow to ndaiit this method to their i>rohlcms. It has seiwed investigators ns 
a stable isotope annl.vzer in the clarification ot metnlmlic processes. The specific 
shortage of portable units and the relative imavailnbilit.v of other motlols capable 
of analyzing a continuoush- changing gns .sample has hampered work in this 
field. Except for the reports h.v Nier and associates^ on continuous anal.N'sis of 
process stream contaminants in the Oak Hidge gaseous diffusion plant, and 
Kydd’s study of COj/Oi concentrations during alveolar carbon dioxide sam¬ 
pling,' no rc)>orts have appeaml in the litcmtnre alxjut a mass spectrometer 
capahlc ot continuous gns analysis when the composition of the mixture is 
rapidly altered. 



Flff. 1.—A picture of the nvua apectromotcr in the operatinc room. 


The mass spectromotcr iiscd for the study being presented was designed to 
protidc a portable instrument capable of rapid, continuous, automatic, quautita- 
recording of tbe components of tlic pas stream delivered to it. Fig. 2 
|lltijrtratea schematically the basic features of this instrument. A sample of gas 
13 dm\vn into an evacuated U-shaped chamber thi-ougli a graduated leak and 
ions arc formed by tbe electitin beam. The trajectory of on ionized 
particle is dependent upon: ( 1 ) the molecular mass of the ionized particle, 
(2) the speed of tbe particle passing tlirougli tbo tnbo, (3) tbe amount of 
magnetic force acting upon tbe particle. "With the magnetic force constant, 
the speed of specific particles passing through the tube is varied cj'clically hy 
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changing the difference of potential across the two slit plates. As a result of 
tliis cyclic variation, each component heam of ions arrives systematically at a 
common ion collector. The current carried by these ionic charges is then ampli¬ 
fied so as to he recorded by a standard commercial six-point potentiometer such 
as is commonly used for recording temperatures. 



METHOD 

The patients were anesthetized ■with ether, nitrous oxide, pentothal curare 
or a combination of all three agents. The preanesthetic medication was 
tal, morphine sulfate, and atropine with the dosage regulated according to 
age and physical condition of the patient. Thoracotomy cases were regn ar 
placed in a semiprone position on a straight table. An intratracheal tube wi^ 
an attached infiatable cuff was inserted so that manual ventilation could e p 
formed. This assisted respiration was carried out intermittently in a o 
cases anesthetized -with pentothal curare, especially thoracotomy cases, ere i 
was a routine procedure. . 

Follo'wing intubation the patient was connected to the mass 
in the circuit sho-wn schematically in Fig. 3. As illustrated, a continuous 
sample was withdra-Nra from the trachea—via a small bore polyethylene ca 
threaded into and beyond the intratracheal tube to the Aucinity of t ® 
Circulation through this circuit was maintained by means of a small, ea p 
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nlr blower ot miffieicnt capneity (hat the lag time between patient and spec¬ 
trometer was about 90 seeontls. 

Prior to eacli testing period the ninas spectrometer was calibrated against 
a gas ot kno\vn composition; at liourly intciwnls during the procedure and at the 
conclusion ot surgerj-, it was recheeked tor possible drifting. Rarely was any 
signiOcant variation detected. 



—Schematic Illustration of the aampUnft ayatem uaad In the operatlnc room to auppht 
uic TTiau •pfctromoter with a contlnuouK Mrwm of gaii from tlto tmehea of the patient. 

An tminterrupted record rather tban more spot sampling was secured in 
each case. Peak aeeiuuiiintions of carhon dio.xidc and their jolated effects were 
Wore recognizable by virtue of an unbroken observation of these events. To 
nvoid unsolicited cooperation from tlic anesthetist and to eliminate any explosion 
twiard the mass spectrometer was positioned at n distance of several feet from 
the anesthetic field. Since the toxicity of high alveolar carhon dioxide concen¬ 
tration probably rests chiefly on acidotic qualities, it seemed appropriate to 
correlate the carhon dioxide values with simultaneous blood pH levels. A 
control arterial sample was therefore drarni preoperatively under local anes¬ 
thesia from the femoral artery. During the operative procedure a sample of 
Mood was obtained either from an exposed artery in the operative field or from 
the radiid artery. The pH determinations on these samples were made with a 
Tceially designed conatant temperature glass electrode meter shown to he acen- 
wte to 0.01 pH units." In the interim between sampling and analyzing, the 
Mood was chilled to about 0° C. so that a reduction in pH due to glycolysis 
did not occur.® 
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RESULTS 

In order to determine the accuracy of the mass spectrometer as a quantita¬ 
tive carbon dioxide analyzer and to evaluate the usefulness of the instnunent 
as it was to be used, in indicating alveolar carbon dioxide concentration, pre- 
liminaiy experiments Avere performed in the laboratory. Two dogs 'were anes¬ 
thetized AAoth Nembutal and a continuous sample of respiratory gas disehaiged 
through the spectrometer in the manner illustrated in Fig. 3. In the absence 
of an interfei-ing anesthetic gas the carbon dioxide concentrations could be 
checked periodically for agreement Anth a Scholander gas analysis of the same 


Mass Spectrometer 
pH and Van Slyke 
Correlation Curves 



Pig. 


4.—pH—CO: correlation curves of mass spectrometer recortlnM and 
veolar COi per cent as calculated from arterial blood pH and 


nl' 


mixture." Niimerons tests Avere camied out and it Avas demonstrated t la 
tAvo metliods coincided Avithin 0.5 per cent, that is, if the Scholandei ana a^^ 
gave a Amine of 10 per cent carbon dioxide the Amine obtained from t le m 
spectrometer Avould be betAveen 9.5 and 10.5 per cent 

Comparison betAveen the carbon dioxide Amines as recorded by 
spectrometer using, the sampling method outlined previously, and the a 
air carbon dioxide concentrations were made possible by calculation “ _ 

latter Amine from arterial blood pH and total carbon dioxide content u 11 
the Henderson-Hasselbalch equation.* 


•In this equation with three Interrelated variables. If any two of 


•In this equation with three interrelated variables, n an.) A, „„ in order tc 
the third can be readily calculated." The equation Is set up as follows, have 

carbon dioxide tension when the arterial pH and total and Neill'): 

measured (total carbon dioxide content measured by method of van oiya 
_ Total COi 

pCO: _ 0.13ie X 0.510 (lOm - sk' ^ i) 


been 
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A respiratory ncitlosifi due to excess ciirboii dioxide was induced in tlie dogs 
by removing the soda lime eiinister; nlkalosis was produced l)y manual ventila¬ 
tion until a state of nea])nin occurred. Arterial blood samples were draum from 
the femoral nrteiA' during various stages of these iirocedui'cs. Fig. 4 shows 
the variation of carbon dioxide eoncentrations and pll. Tlie consistent difference 
between the mass spectrometer earlwu dioxide eoneciitratiou values and the 
calculated alveolar carlmn dioxide eoneentnitions, it seems rcasonalilc to jire- 
siimc, is more likely an exprc.s.sion of the sampling Icclmicpie used rather than 
any inherent error in the analysis. Because sampling is continuous throughout 
both inspiration and expiration, tlici'c is undoulitedly mixing of the true alveolar 
sample :vith dead space air and inspired air, whereas a truer alveolar air sample 
could l)c obtained only with elaborate sampling devices. Thercfoie, one would 


Mass Spectrometer 
pH Correlation Curve 
on Patients 



6.—Tracheal air per cent CO, reconled by the niaaa anectronieter plotleil nsalnat the pll 
of ■Imultaneounly drawn artciinl blood from tjatienta undoruotnff surjniirT- 

pttKlict that carbon dioxiclo coiiccnlmtion Avould be Iciis in the mn,ss spcctroniotor 
J®inplc which is obtained jiartinlly from Jioth pliasca of respiration. This is 
home out by the 1 ‘esult.s given in Fig. 4. The parallelism of contour between 
the two cuiwes implies a correlation which should allow a close estimation of the 
alveolar carbon dioxide ooucentmtion when the mass apecli'ometer Tending is 
known. 

Fig. 5 illustrates the relation betweeu the mass si>ectit)metci‘ records nud 
pH values obtained during surgery. The degree of accord is indicated by 
the interpolated line. Our inability to secin-c sufficient aunlj'ses with low arterial 
pH values liardly juslibes any nttcmiit at stnlistienl ti-catment of these data. 
However, the real correlation seen from pH 7.37 to 7.25 pennitg the assumption 
that this method is a relatively nccuvnlc index. 
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Cholecystectomy, Choledochostomy 


and Pancreatic Exploration 

HOEP. NO. 8I61<4 DATE S/t/EO 

Fig. 6.—Results of a mass spectrometer recording. Note that the COi values jjsted along 
the right ordinate are on a different scale from the Oi. NjO values sho«-n along the leit or- 
dlnate. Tlie small figure.s under the chart labelled N-O and Oa flow rates were values laacn 
from the gas flow meters on the nncsUiesla machine. 



HOSP. HO. TtlOfI DATE I/tA/50 ^ 

Fig. 7.—This replotted mass spectrometer record shows the low values 
patient with compensated alkalosis. The arrow designates the point at wi 
blood sample was drawn for pH analysis. 
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TIME IN MIN. 

COLECTOMY 

HOiP. MO. •llOfO OATC 3/1/6O 

Flir. 8.—itpectrometcr rwulta on a patient ane*theil*f^ with etlier. Note that the 
etlwr concentration la plotted on Uie Mine scale os the COj. For the most part the patient 
iros carried with an other concentration of S per cent or les.«. This Is typical of most of 
the rase* annljicd. 



Thoracotomy 


BO tDitt 

»M ot IOT 

'Mass spectrometer results on a thoracotomlscd patient. The neoplasm found was 
Inoperable. 
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Figs. 6 through 10 are condensed reproductions of some of the recordings 
obtained. It should he reiuemhered that 3 to 3.5 per cent carbon dioxide is a 
nonnal level for the sampling system employed. 

On one occasion the carbon dioxide rose to 17.3 per cent, as is illustrated 
by Fig. 6. This is the highest value ob-served during the present series of experi¬ 
ments. Unfortunately no pH determinations vere obtained, hut by estimate 
from Figs. 4 and 5 it probably fell below 7.00. Following a common bile duct 
exploration and cholecystectomy, as this patient was moved to the recoverj- 
room, the blood pressure dropped to 80/60. This response was quite incompati¬ 
ble vith the amoiuit of blood lost and replaced during the operative proeedure. 



Hj’potension pei’sisted for 7 days, except when relieved periodically hj' ephe ^ 
and neo-sjniephrine administration. Dui’ing this period there was a diminisie 
uidne output, a rise in blood urea nitrogen to 77 mg. per cent on the fourt pos^^ 
operative day, and a marked electrolj'tic imbalance. Serial eosinoph con ^ 
showed no diminution folloxving an injection of epinephrine on the nint i po 
operative day. On the seventh postoperative day the blood 
110/60 and aftei'ward stabilized aboxm 100/70 as the patient gia ua y e 
valesced. 

Table I presents a summaiy of the highest carbon dioxide 
recorded by the mass spectrometer for each case. The average was 7 
or approximately double the normal value. This suggests that at 
these operative procedures the average case had an alveolar carbon m-vi 
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Table I. Lahoest CO, Values Recorded by Mass SPEcmoiiETEu DcrniNa 
Tjurtt-foor OrratATioxs 
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ccntration of nlwut 10 i)ci* cent and that this situation ^\‘as associated witli an 
arterial pH of npproxinmtely 7.20. 

DISCUSSION 

The correlation data sho\\ni in Figs. 4 and 5 reveal n definite pattern betveen 
tile alveolar carbon dioxide samples as estimated by flie Hcnderson-Hasselbalch 
wpiatiou and tliosc values recorded by the innss spectrometer. The latter arc 
uniformly lower. The Jiigh reprodueibnit)' between tlic mass spectrometer ajul 
chemical gas analygc.s, earlier referred to, confu’m the likelihood that the gas 
sampled by the mass spectrometer did not ropi'csent true alveolar gas. It is 
difficnlt to deliver a true alveolar sample to the analjTcr without interfering 
'rith anesthetic techniques. It was necessary therefore to standardize the 
instrument and the involved sctu]) by biologic testing and extrapolation from 
Ibis for clinical material. The rcanlbs shown in Fig. 5 indicate that tlio normal 
carbon dioxide value was 3 to 3.5 per cent. 

In so far as the acid base balance was concerned, tliis method is only ap¬ 
plicable in assaying an uncompensated rcspii*ator}' acidosis or alkalosis in which 
the alteration of pll is due solely to cither an increase or decrease in carbon 
dioxide tension as the result of cliango in alveolar carbon dioxide concentrations. 
In a metabolic tj'pc of acidosis with the renio\Til of fixed base or ■with the addition 
of fhe<l acid, the pH diminution is not due to an increased alveolar carbon 
■ dioxide tension, and the acidosis assuredly would not be revealable by the mass 
spectrometer. Beecher's concept^ of a metabolic acidasis with an accumulation 
of fixed acid sccondarj’’ to prolonged hypercapnia therefore introduces another 
^own capable of altering the pH-CO, relationship. This situation wiUi 
*^eral vectors is only partiallv solvable by data from the mass spectrometer. 
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A limitation of the mass spectrometer-pH correlation data appears in the 
states of compensated respiratoiy acidosis or alkalosis. Here the fixed base 
of the body has been adjusted in order to compensate for the respirator}^ malad¬ 
justment. For example, in an emphysematous individual if one were to judge 
from only an elevated alveolar carbon dioxide concentration, it would seem 
that the patient was in a state of acidosis due to carbon dioxide accumulation. 
However, pH determinations might well show normal values because of the 
retention of base by the kidney so as to effectively neutralize the acidotic 
tendency. An example of this type of error is seen in Fig. 7, the chart of a case 
of tetralogy of Fallot on Avhom a Blalock-Taussig anastomosis was performed. 
It will be noted that the carbon dioxide values were consistently under 3 per cent. 
Under ordinary circumstances one would assume this to be due to oven'entilation 
of the patient by the anesthetist, leading to a respiratory alkalosis. However, 
pH determinations performed when the mass spectrometer reading was 2 per 
cent showed a slight acidosis. An attempt to raise the alveolar carbon dioxide 
concentration by hypoventilation would have aggravated the acidosis. The 
explanation hinges about the customary respiratory alkalosis these indiuduals 
canw secondary to chronic hyperventilation as described and analyzed by 
Bing and associates.^® Here the kidney compensates for the diminished alveolar 
carbon dioxide tension by excreting base so as to hold the pH at 7.40. There¬ 
fore, in the case illustrated, when the mass spectrometer recorded a level of 3 
per cent, which is normal for most cases, the child would undoubtedly have 
shown a pH depression, had an analysis been performed at that time, because 
tlie amount of base available would be insufficient to neutralize the accumulated 
carbon dioxide. Fortunately this discrepancy between pH-CO, values due to 
preoperative compensation can be corrected by drawing an arterial sample 
sometime preceding surgeiy and analyzing it for total carbon dioxide 
and pH. Consistently low carbon dioxide iTCords in association ■with diminish 
pH values have been obtained in three cases of this type. However, in all o 
these cases the carbon dioxide analyses were also complicated by the fact tia 
comparable intratracheal samples could not be obtained due to impedance o 
the airway by the sampling tube. Accordingly these cases have not been in¬ 
cluded in the pH-COo correlation cuiwe (Fig. 5). 

Mass spectrometer determinations made during ordinary operative prO' 
cedures are valid since the compensating mechanism of base excretion or 
tention by the kidney lags. MHien one sees, therefore, a rise or fall 
dioxide concentration during an operation it is rirtually inconeeivab e 
kidney compensating mechanisms account for this but rather it represen 
actual shift of acid-base balance. 

A rise in blood pressure has been the common sign accepted by 
as signaling the presence of eai’bon dioxide excess. During any major surgi 
procedure so many variables are present to interfere with the blood 
to make it extremely unreliable as a diagnostic sign of hjiiercapma. 
been substantiated by the carbon dioxide analyses. In only a few instances 
there a rise in blood pressure coincident with carbon dioxide elevation. 
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■While carbon dioxide excess in tlic ranges observed is normally a marked 
respirator)' stimulant, the anesthetic agents so cITcctively interfered with the 
function of the respirator)- center tlint an increase in respirator)- rate or volume 
was seldom noticed in conjunction with high carlmn dioxide levels. 

The toxic elTeets of carbon dioxide in asphyxia nrc well documented.*' 
The depressant clfcet of high inhaled carbon dioxide coneenti-alions on the 
respirator)- center are also well known.” The narcotizing clfcet of carbon 
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eade inliulation has been demonstrated with its use as an anesthetic agent.*’ 
sters" described one postancsthetie death wliich ho stated was most likely the 
f®*t>lt of hypercapnia. Indeed it seems'a reasonable hypothesis that some of the , 
uaeiplaincd grave opomtivo sequelae, including cardiac standstid, are connected 
this problem. 
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The postoperative complications in the instance in which tlie carbon dioxide 
level reached 17.3 per cent introduce interesting speculative possibilities in 
association with certain lahoratoiy investigations. It has been demonstrated 
in the dog that alveolar carbon dioxide concentrations above 15 per cent produce 
depression of adrenal function as evidenced h,v the absence of an eosinopenia 
following the injection of epinephrine.’® The duration of this effect after 
cessation of the hjToereapnia awaits further studies. Depressed adrenal fnnetion 
conceivably could account for most of the follouang postoperative complications 
obsen^ed in this patient: hypotension, diminished senmi sodium, depressed 
carbon dioxide combining power, depressed kidney function as e\idenced by 
diminished urinary output and rise in blood urea nitrogen and creatinine. An¬ 
other factor which must be taken into account is that the patient bad markedly 
abnomal liver function tc.sts both pre- and ])Ostoperatively. Seevers and 
Orth have shown that inhalation of high carbon dioxide concentrations 
probably produces injury to the liver.’®’ The complications ohsemd in this 
case, including the low blood pres.surc, avouM also be compatible with liver 
damage. It is quite likely that carbon dioxide accumulation during surgeiy 
may have been the trigger mechanism responsible for the depi’cssion of one or 
both of these Antal organs and may hav'c provoked the serious sequelae outlined. 

Studies are underAvay in this laboratory evaluating the toxicity of bigb 
concentrations of carbon dioxide in the inspired air of anesthetized experimental 
animals. So far these studies haA'e indicated changes along the following lines; 
(1) electrocardiographic evidenee.s of myocardial damage, (2) decreased toler¬ 
ance to pentothal and Nembutal, (3) mai'ked arterial blood pH depressions. 

Pig. 11 shoAA’s a sot of electrocardiograirhic tracings during the coiu'se of 
an experiment. Tliis record is tjqoical of a number of othei's that have been 
obtained A\dth the same procedure. The upper three tracings are the contro 
records taken folloAAung pentothal anesthesia. The middle set were taken av e 
the animal aa’hs breathing 30 per cent carbon dioxide and 70 per cent oxy g^R- 
and the last group represents a time interval ten minutes after the amnia 
had been taken off the carbon dioxide mixture and returned to breathing looni 
air. In the latter ti’acing there is a marked depression of the ST segment sUo^ 
gestive of myocardial anoxia. That a marked hypotension occurs foUoAving je 
cessation of inhalation of high concentrations of carbon dioxide has been s oau^ 
by other investigators.’® Whether the hypotension causes the 
changes CAudenced by the electrocardiographic records or AA’hethei tie re' 
situation occurs has not been ascertained. 

Another phase of these studies aa'bs the demonstration of decreased 
to pentothal and Nembutal. A marked blood pressure fall and hradycai 
noted after administration of the drugs folIoAnng a jicriod of inhaling 
of high,carbon dioxide content. After a peidod of breathing 30 per cen 
dioxide and 70 per cent oxygen three out of ten dogs died 
to the administration of pentothal or Nembutal doses ordhiarily rea i } ipcj-eased 
by normal dogs. Beecher and Moyer liave also demonstrate^ a 
tolerance to. barbiturates in the pi-esenee of respiratory acidosis. 
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Inhalation of 30 jrer cent cnrlion dioxide caused n pll dcpi'cssion as iow as 
6.61 in some of tlic dops.'” Tliis is conaidcrahly under the level of 6.80 to 7.00 
commonly acknowledped in .standard texllmolts of jilij-siolopy to be the lower 
limit coinimtible with life. Surprising ns it is that these dogs sutwived, it is 
perhaps no more ini])ortant than the Avaniiiig tliat sucli high alveolar carbon 
dio.xidc concentrations produce sneh critical arterial pH valnc-s. It is to be 
emphasized that these were acute c.xiterinicMts and no attempt was made to 
examine the postacidotic serpielae. Kurthcmioro the tolemncc of liealthy 
mongrel dogs to acidosis is likely to Im dispi'oportionately more cln.stic than for 
patients a.ssaultcd hy chronic disease and the stres.scs of both anesthe.sin and 
major surgerj-. 

Sl'-AIIIAIIY 


A imrtablc mass .sjmetrometer functioning as a continuously recording gas 
analyzer is dcserilKsl. The clinical adaptation of the iiLstrumcnt has been noted, 
with reference to its future in the operating room ns an aid to the anesthetist 
in ascertaining the cnrlmu dioxide concentration in expired air. Graphs are 
shomi of the results with five typical cases. These graphs also show eoncen- 
tratioiw of oxygon and anesthetic gas in the samjile. 

The correlation of the carlion dioxide concentration and arterial blood pH 
arc shown Iwth in exiiorimental aniinals and patients. These results indicate 
a rca.sonnble agreciueut between two methods of analysis. 

This in.strument has te.sted f(unnlilnlivcly the concentration of exhaled gjiscs 
during thiriy-fonr major operative proccdnre.s, including many transthoracic 
proecdtircs. It is demonstrated that on the average a level of 6.S per cent 
carbon dioxide was reached at one time or another during most of those case.s. 
This corresponds to an arterial hlood pll of 7.20 and an alveolar carhon dioxide 
concentration of npproximatcl.v 10 per cent. 

The postoperative complications in one ca.se in which the enrimn dioxide 
level readied 17.3 per cent are reviewed. 

Kcsnlts are reported from cnrt>on dioxide toxicity cxiicrimcnts carried out 
on experimental animals. 


The suthors gmtofullv acknowledge tlie teclinicnl ascistnneo of Mr. Hoinird Doniorrst 
»Q(1 Mis* Margaret Marmy.* 
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THE SURQICAIi TllEATJEENT OF GIANT EAE'HYSEMATOUS BLEBS 
AND PULMONARY TENSION CYSTS 

DAm .1, Duqax, M.D.,* ANT) Paul C. Sajison-, 

Oakland, Calif. 

I N 192.') Kooutr.' reported tlic first case of ciiii)]iyscnmtous blcl)3 in the American 
litcratnre. Shortly thereafter. Miller^ attempted to clarify the differential 
pathologj' between blcl)S and bullae, and was further of the opinion that these 
localized abnormalities were alwaj's associated witli a generalized emphysema. 
Hiller described a bleb ns a aubplcural collection of air catiscd by rupture of pul- 
monaiy alveoli immediately beneath the pleura allowing the air to escape into the 
plenra forming a thin-walled bladder-like prominence outside the lung it.self. 
He defined a bulla as a vesicular emphysema situated within the lung, and though 
it often projected beyond the surface of the lung, it was covered by an intact 
pleura. In the sulisequent literature many sjuionyms have been used; pneu¬ 
matocele, cystic emphyaoma, air cyst, bullous cmjthy.scmn, emph.vsemntous blebs, 
and vanishing lung; all of these terms conform to .Miller's original concept of 
suhpleurni blete. 

Study of out own surgical material indicates that we rentoved blel)s only, 
but for practical purposes there does not seem to l)e great merit in attempting to 
distinguish between blelis and btdlae. In some eases, we have removed localized 
blebs from lungs which grossly, at least, .showed no evidence of emphysema. B.x- 
tended inquiry into the pathogenesis of pulmonary cmplij-scma is not genuane to 
this presentation. Differentiatio)), however, should be made between emphy¬ 
sematous blebs and intrapulmonary cysts. JIuch of the literature is confusing. 
In our opinion, pulmonary cv-sts arc congenital in origin, have a definite fibrous 
tesue wall, and arc lined by epithelium. Emphysematous blol)s are acquired, 
perhaps verj- early in life and have either no lining or at most have an alveolar 
'ype of flattened epithelium. 

IVhy these lesions develop is not at once apparent nor can it bo determined 
'fby all patients with emphysema do not develop large air cysts. Suffice it to say 
Ibat the end result in many-.patients is a gi-eat decrease in pulmonary function 
"otb symptoms ranging from mild dyspnea to severe incapacitation. Definite 
therapy therefore becomes necessary. 

IIETHODS OF THEBAFT 

No one familiar with this disease questions the necessity for treatment 
of iudiridnuls presenting severely incapacitating or life-threatening symptoms 
frm b ullous emphysema. The therapeutic approach has been the subject of 

8orr,.Sf®0^rQre the Thirtieth Annuiil Meellnit of The Amerlcen AMOcletlon lor Thoriclc 
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considerable controversy and authoritative sources recommend many measnres 
varying from a “conservative” regime of observation to extensive exeisional 
surgeiy. Spontaneous disappearance of an emphysematous cyst vnthout active 
treatment of any kind has lieen reported^-''' •' This plienomenon has been ex¬ 
plained on the basis of rupture, absorption 'of air, and gradual expansion of 
the previously compressed lung. These remarkable cures have been re¬ 
ported in infants under two years of age for the most part but, unfortu¬ 
nately, are the exception. Needle aspirations of the air-containing sac 
has likeudse resulted in complete clearing."’ ® The danger, however, of 
sudden exodus by needle rupture of a cyst has long been recognized"’“ 
and such a procedure shmdd never be attempted without facilities for immedi¬ 
ate thoracotomy. In line xvith this same therapeutic approach, the injection 
of Lipiodol and caustics lias been advanced. King and Harris^^ reported the 
successful treatment of a congenital lung cyst bj’ intraeavdtary injections of 
iodized oil with subsequent closure of the bi’onchial communications but at the 
same time (1937) predicted that exeisional surgery would ultimately be the 
most effective treatment. HennelP^ had a similar experience with LipiodoL 
Silver nitrate cauterization of a cyst wall following open drainage was re¬ 
ported by Pierson,^" in 1935, and again two years later by Field and Bosen- 
berg.^® In 1928, Eloesser’® felt quite strongly that only infected cysts should 
be treated and these he drained by his flap tecluiique following later with a 
plastic procedure to close the opening in the chest w’aU. In 1931, Eloesser 
added subsequent lobectomy with closure of the fistula to his primary drain¬ 
age operation. Anderson,’® in 1937, likewise felt that drainage of infected 
cysts was the preferred treatment. Browm and Brock,’® in 1942, adyocatec 
the endocutaneous flap procedure for the treatment of a large cyst and in their 
report described the technique of exteriorization of the cyst wmU. These 
early therapeutic endeavors were during the period when thoractomy was 
hazardous and represented a compromise with surgical principles of mtra 
thoracic exploration as wm know' them today. Such historical attempts are or 
the most part discarded procedures at the present time. 

Nissen,-® in 1945, advocated thoracotomy, direct opening of the cyst, and 
repair by a plication-inversion suture technique. This procedure was per 
formed in two eases with ultimate success, although there wms delay o^ sev 
eral weeks in the re-expansion of the affected lung. Head and Aveo ^ P' 
sented the technique of deeompres.sion of an emphysematous bleb by ui 
cavdtary suction identical with Monaldi drainage and provided an excc e^ 
approach to the problem. In their series of eight cases good result^s o ow 
this minor procedure rmder local anesthesia. They emphasized t e app 
bility of suction therapj' to the patient wiiose vital reserve is dangeious y^^^ 
duced because of liigh intracavitary pressure. We can best stress,^ ^o'ened 
that at thoracotomy these pressures are removed as soon as the chest is 
and the patient’s condition routinely and immediatelj' 

a normal status as far as oxygenation is concerned. Head and gj,_^. 

the uniform absence of pleural adhesions in their cases was possn 3 ” 
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live factor in the development of the blebs. This drainage method also Avas 
advocated hj’ Lloyd' and may be Avell suited to patients u-ith bnt a single giant 
bleh. Tt should bo of little value, hoAvoA’er, iu the presence of multiple blebs 
Avhich was the situation in many of our eases. Unfortunately, the roentgen 
examination frequently cannot tell us whether the blebs are single or multiple. 

During the past ten years there has been an ever increasing number of 
essayists strongly favoring exeisional .surgerj' in the aitpi-oaeh to this problem. 
Brock,*' ItaA-itch and Hardy,'* and Naclerio and Langer'' reported tlie largest 
number of cases treated by resection but nian.v other snrgeons have been spon¬ 
sors of this approach.*"’ *“■*'■ ”•*’ Bumctl" and associates stressed the impor¬ 
tance of careful selection of surgical eases and were most optimistic in those 
with well localUcd disease. Clagett" favored re.section with utilization of 
segmental removal in suitable cases. 

niAnxosLS and sei.ectio.s' ok ca.ses 

In the past three years, avc have operated upon fourteen patients xvith 
giant emphysematous blebs by lobectomy, segmental resection, or local e.xeision 
of the tissue involved.- The eases subjeeted to surgerj’ have been earefullj' 
selected. The importance of painstaking evaluation of the indindual surgi¬ 
cal candidate cannot be overempha.sizcd. As is true in all t.vpes of surgical 
procedures, the best results are obtained iu the .vounger ago group although 
such fact does not i)rcelude surgerj’ in the older indiA’idunls if legitimate 
indications exist The c.xtrcmes in our eases were three months and sixty 
years of age. All of the ])nticuts ju’cscntcd definite sj-mptomatologj’ referrablo 
to the chest, the iiresenting complaint unnnimou.sly being increasing dyspnea. 
•All, Avith the exception of the infants, Avere faced Anth an immediate serious 
occupational handicap. 

The tAvo most imimrtant considerations arc the sj’mptomatology and the 
foentgen npixsarance. The jirospcctiA’c surgical ])nticnt usuallj’ presents the 
history of increasing dj’spnca, |inin in the chest, and frequent respiratory in¬ 
fections. Ho may nl.so complain of slight dj’siihngin, cough, a feeling of pres¬ 
sure in the chest, and general fatigue. Phj'.sieal examination in general re- 
reals diminution of excursion OA’er the involvcrl area Artth decreased breath 
sounds. The roentgen appearance is cs.scntinl in the diagnosis and is the most 
hnportnnt single finding in the localization of the le.sioms to one or both lungs, 
bilateral disease is not a contraindication to .sui’gci’j’ bnt a unilateral lesion is 
uinch more encouraging. The pathologic area appeal's black and lacking in 
lung elements. In many instances the roentgen film gives the impres-siou of 
I* localized pneumothorax, the increased trauspni’cncy of the lung being due to 
•ctual loss of vascular markings. The surrounding limg appears compressed 
and in those areas the vascular markings arc increased. The lesions are for the 
ttost part located in the basilar areas although apical lesions of this type are 
**ouimon. If serial roentgenogi’oms arc nA'silnble there is usuallj’ evidence of 
bfogression in size. Bronchoscopie exaiiiiuntioii reveals tAnsting and distor- 
I'Jrt of the bronchial orifices so that the normal relationship is disturbed, 
upiodol bronchograras are routinely produced to rule out the possibility of 
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associated bronchiectasis. Bronchography is of further aid in determining the 
amount of normal lung tis.siie tliat can be depended upon for re-expansion as 
well as to forecast in advance of surgery the type of resection Avhich ^viU be 
requii-ed. Bronchospirometric readings and ^•ital capacity studies were not 
performed in our surgical cases. 



Flg^. 1 (Case 1).—Roentgenoprani taken immediately before left thoracotomy. 

CASE REPORTS 

Case 1 (P. B.).—This 3-month-old infant girl was brought to her family physician 
on Aug. 5, 1048. For the preceding two months the parents had noted increased respira¬ 
tions and right-sided heartbeat. Roentgen examination revealed a displacement of the 
mediastinum and heart far to the right and a large emphysematous area occupilng 
entire left chest (Fig. 1). The patient was hospitalized and needle aspiration and 
cavitarj' drainage were unsuccessful. Left thoracotomy was performed on Aug. 26, 191 i 
and immediately, when the pleura was opened, a giant emphysematous bleb eviscerate 
through the wound and was seen to occupy the entire lower lobe exclusive of the supe^ 
segment (Fig. 2). As soon as the chest was opened, the patient's condition improved, 
left upper lobe was atelectatic, displaced in the upper posterior mediastinum and to 
right of the vertebrae. An anatomic resection of the basal segment of the left lower o^^ 
was performed. The postoperative course was satisfactory' except for the developmen 
an osteomyelitis of a rib end at the site of the drainage tube. This healed P®'' 
after local resection. A ten-month follow-up showed a normal appearing chest (Fig. /• 
Today the child is clinically normaL 

Case 2 (H. W.). —This second case demonstrates the value of early removal of 
sematous blebs in anticipation of the possibUily of secondary infection and abscess orm 
This 48-year-old man was first seen by ns on July 9, 1948 , with a-history 
"air pocket” in Ms right lung since 1945. Periodic respiratory infections ha 
for the past three years and on tMs hospital admission he complained of genera 
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cough, and loTV-grndo fovor. Roentgon cxnminfttlon of the chest revealed & large emphy* 
gcmotoai tlob occupying the right npcx with nn associated pneumonitis (Fig. 4). Com* 
pariwa vrith radlogmphs made in 1D45 showed deflnite evidence of progresflion. Broncho* 
8Copic drainage relieved the cough and pyroiln and the patient elected to postpone surgery. 
One week Inter a fluid level developed within the emphysematous area (Fig. 6) and the 
patient lubmltted to operation. At thorncotomy a largo emphysematous bleb which oc* 
cnpled the entire right apex was removed. At its upper and lower lobe attachments it was 



FJe- 2 (Cajte 1).—Schematic dmwlnir of left lower Iol>e bleb occupying basal eegments. 
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mothorax. However, there are generally some differential points whicli too 
often are found only after reviewing the roentgenograms. In the presence 
of a pneumothorax the elastic lung will generally contract about the hilum and. 
^\^ll appear as a globular shadow Avhile Avith a “vani.shing lung” the hilar 
shadow is generally elongated and areas of compressed hmg may he seen in the 
apex of the thorax or over the dia])hragm. The A\ddening of the intercostal 
spaces pi-oduced by large cy.sts may he ajiparent (Fig. 3), as opposed to the 
nan-oAving of the interspaces that is found in chronic pneumothorax.'’ 


TREATAIEXT 

The therapy of cystic lesions has been varied. Treatment based on ex¬ 
ternal compression of the lesion has failed.'' Idxternal drainage has only been 
partially sucee.ssful. In revicAving the literature it seems evident that some 
lesions re.sponded Avell to external drainage by intracavitary suction (Monaldi),® 
or by an endoeutancons flaj) using Eloesser’s method.'’ IIoAVcver, such methods 
are not ahvays effective as indicated by the reports of prolonged open drainage 
of cysts AAuthout spontaneous closure.” The lesion has often been mistaken for 
thoracic empyema preo])cratiA'cly and generally these cy.sts haAm required open 
drainage. 

It is paradoxical that lesions appearing to be of similar nature respond dif¬ 
ferently to similar treatment. It .seems likely that a different pathogenesis 
exists, although the lesions .seem to be clinically identical. It is possible that the 
difference lies in the character of the lining membranej those cysts lined by 
respiratory epithelium resisting closure, and those lined by alveolar and fibrous 
tis.sue closing ])romptly Avhen the balloon effect is eliminated and the Avails arc. 
apposed. Throughout the case reports in the literature there is consistent dif-. 
ficulty in distinguishing the cy.sts lined by epithelium from those Avithoxlt epitlic- 
lial lining before hi.stologic study of the tissue. Excision of the lobe or lung 
contaming the ey.st has been cffecliA'c in treatment'’’” but has the obj^- 
tion of sacrificing nondiseased lung tissue in many instances. Closure of t'e 
fistula folloAA’ed by sutiu’o of the opposing Avails of the cyst has recentlj been a ^ 
Amcated by- Naclerio and Langer.’’ This method is advantageous in sacii cm,, 
the mmimal amount of lung tis.sue, but in cysts lined by epithelium,the opposci 
surfaces might fail to unite. Chemical cauterization of the surface of the cys 
in order to sclerose the Avail and close the bronchiolar orifices has been nsec 
successfully*’ but is an unpredictable method. 

In vieAv of our inability to differentiate betAveen epithelialized and non^ 
epithelialized balloon cysts in the lung, aa’c have directed our treatnient toAvar ^ 
excising the Avail of the cyst, closing the bronchiolar orifices, sacrificing on } 
lung parenchymia adjacent to the cyst, and re-expanding the lung by tempo 
suction drainage postoperatively. The inAmh-ed lobe or lung has not ee 
moAmd in any instance, since it seemed a needless sacrifice of normally unc 
ing pulmonary tissue. In those instances of multiple bilateral large 
the cases cited by Head and Avery® intracaA’itary suction drainage may 
dicated rather than thoracotomy and excision of the cyst Avail. 
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CASE REPORTS 

Case 1.—A So-ycnr^oUl while wonum hinl Ijoon free of Bymptonis until nix woekB prceetl- 
inp adrairtlon to the hospitnl. At t!mt time she Imd Iteen nceii l»y her pliynician for trontiucnt 
of an uppor rcsplmtory infection. She hod no other renpimtory i^rniptoniB but Imd pcmistentlv 
been below her oxiw?cteMl wcipht nnd had chronie fntifpie. Tliere \vnn no hlfton,’ of djBpnetu 
There were elpna of a loft tension pneumothomx. Hlie won oljser^-od tit weekly intenmls nnd as 
there wa? no evidence of rc-cxpoimion of the lunp bIio wne referred to fhlg hogpilnl for treat- 
merit 

The patient appenretl ehronlenlly ill, weight wtib 05 pounds. Tlio significant ph}Tdcal 
findings were those of b left tension pneuniothronx (Fig, 1, J). A loft tborocentesis was 
done; 6,000 c,c. of air were removerl without change of pressure or expansion of the lung. 
Following this, air escaped into the pleural space and delineated the cyst margin, (Fig. 1 , 
B). On May 17, ltt48, a loft thoracotomy was performed ntid a large cyst found which filled 
the hemlthomx. It arose from the anterior sognu-nt of (he left upper lobe. IVlicn the cyst 
wns opened it promptly deflated nnd multiple small bronchiolnr oriflees were evident in the 
trabcculatcd base. The snrronnding lung pnrenchjma promptly inflated. The cyst was 
excUed and suction drainage of the plcuml space was ostnblishcd. 

The patient had an unoventful postoperative course with re expansion of the lung, and 
was discharged from the liospltal on tlio fourteenth po.stoperativc day. ilicroscoplc oi- 
aminatioo of the excised cyst wnll shnwo<l only connective tissue. Six months after opera¬ 
tion the-patient had gained twenty pounds, was asymptomatic, nnd tlio lung was well 
expanded (Fig. ], C). She hnd no fatigue with normal nctirify. 

Comment .—^II k Imrdly coiiecivnbic tlmt the cyst wcuUd rcnch n size suf¬ 
ficient to compress liotli tho hoinolntcrnl lun*- nnd ipsilutcml lung without giv¬ 
ing sovorc dysphen. A rnpid icduction of lung volume to this extent would 
certainly produce sjTuptoms. One enn only spiwulnto on tho likelihood of 
chronic oxj-gon wnnt preceding ohlitcrntion of the lesion duo to the gross 
diminution of functioning pulmonary tissue. Postoperatively the loss of 
fntigue, tho gain in weight, and general senso of great improvement would 
suggest the possibility of tho coiTection of a chronic anoxia. 

Case 2.—A 3G-year-old white Iwy had boon frov «»f symptoms until tliree years preced¬ 
ing admission, when he first noticed shortness of brenth witli cierelsc. One year preceding 
admUsloa dyspnea bad l>©cn parUculurly ronrke^l when playing baakctbalL Six months 
later a survey chest roentgenogmin was interpreted as showing a loft pneumothorax. This 
hid not changed significantly during tho six months before admission to the hospital. 
Btadles for the presence of tu]>orculogis wore negative. 

The only significant findings on admission were limited to the left hemithorax. There 
^ widening of the interspaces on tho left with iocrease in the size of the entire homi- 
thorai. The findings of a large pneumothorax were present on the left, the mediastinum 
displnccc] to the right (h'ig. 2, A nn.l B). 

A left fhomcentesis wns perforrae<l nml n gas spivimcii olitnined from the cv-st, wliich 
«wUlned G per cent enrlton dioxide and 8.9 per cent oxygen; the intracaidtary pressure wns 
to cm. of wDter. 

On Dec, lo, 1048, thomcotomy was ]>crfomic<l and a large cyst was found to occupy 

left hemithorax. After opening tho cyst two bronchiolar orifices could be seen at the 
l^beeulated base. The origin of tho cyst was from the left upper lol)e. The bronclilolar open- 
• ^ were closed, tho roof removed from the cyst, but tlie portion adherent to tlie long 
psretichyma was left intact. The upper lobe promptly Expanded. Adhesions binding the 
^r lobe inferiorly and medially were divided, which was followed by prompt expansion of 
* lang^ ollhongh it did not completely fill the hemithorax. The chest ims closed about 
' ^thstcr for suction dminnge. Histologic atudy of the excised cyst ivall sliowetl only con- 
iJsiQe. 
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poiftopcmtlvely. Ttio -wlilcnlnj; of tho loterspace on Iho left ha» pcral^'ted. 
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Postoperatively a small apical piicumotlionix persisted. The drainage tube was removed 
on the liftli postoperative day. Development of an apical empj'cma required open drainage 
on the thirtieth postoperative day. The cavity was then spontaneously obliterated and flic 
patient was discharged fifty-seven days after operation. lie was free of sj-niptonis one year 
later (Fig. 2, C). 



Fig. 3.— A., Anteroposterior roentgenogram of Case 3 on adinisslon. 

B, Lateral roentgenogram of Case 3 on admission. drainage. 

G. Roentgenogram of Case 3 nine weeks following adequate dopen 


Tlic 


G, Roentgenogram 

size of the space has not decreased appreciably. . 

D, Roentgenogram of Case 3 four weeks following „°nnYaneousIy. 

pneumothorax persisted but subsequently the lung re-expanded spontane > 


A small apical 
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Commcnf.—The presence of clyspnen on activity over n period of years bur 
Bests that this eyst lind been i.resent for a long time. Tlie persistence of an 
apical pneinnotliorax followed by an infection of tbc space poatoperatively 
indicates that a broncbiolar orifice was left tinclosed at operation In this in 
stance a i)ortion of the lining of tbc ey.st wall was loft intact which may have 
influcnccrl the ocourrenoe of infection. 


CASE 3.—A 33-yenr-ol.l wliitr woman was ndniittoa to tho Iiospttnl witli n dminine 
rinuA on the imster.or surface of tho rlcht hen.llhomx A thorncotomv had been done in 
(hu. hospital .Tone -.t, JUtO, and a largo collection of pa, wa, dmined f'rom tho right heral- 
ttoral, w th a dlngno.l, of infeetod giant lung cm (rig. . 1 , A and P). After dl«Uge tho 
hrge cavity Imd not decreamH b, rise and a bioachoplenral fl.,tula Imd remained patent with 
pci^i«tcnt profano dminngc, ^ ’ 



I on aOmlenlon. Tlirre it a left pncumotliorax of 
are vltfbiQ. colmpwd lower lobe Is soon as a lular maia, and uppor lobe lung tnnrk- 


t le w?conil fldmiraion the ?ipnlft«inl findings wore limited to the riglit heniithomx, 
of tZi ^ dminnge tract through tlir thomcic wall at the area of the angle 

tract entered n jgweious envitv thot upi'earnd to l)e lined with epithc- 
Them ^ ^f“pth of tho ca^'ity was trnbcculate«l and BevernI fistulaB were evident. 

a copiouB amount of thick pus withtn the ca\ity. 
clean 1040, the sinus tract was widely opened to afford access to the cavity for 

jpjg nftor n few days of trontmont the secretion was greatly reduced. On Bept. 9, 
found performed. The sinus was excised. A large cj'atic space was 

^idel ■ entire superior portion of the right pleural cavity. The space was opened 

e wall of the cyst was o.xcisod, and the base was found to arise from the posterior 
The ^dh upper lobe. The base was oxcit»ed and the bronchiolnr orifices closed, 

•otire lung were then divided and the lung expanded promptly to fill the 

of* except for n small area at the npox. Catheter drainage of the apical 

^ ^ was established and the wound ciosod by using a muscle flap from the 
dorsi to close the defect incurro<l in the cheat wall produced by ei- 
^ fletulouB tract. Histologic study of the cyat wall showed bronchiolnr eplthe- 
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The postoperative course was uneventful and the patient was discharged on the seven¬ 
teenth postoperative daj- with the wound well healed (Pig. 3, U). In a follow-up examina¬ 
tion three months following operation slie was free of symptoms; the lung was nonnalh 
expanded. 

Comment .—This large cyst was drained externally even though recognized 
as an infected giant cyst of the lung preoperatively because of concomitant 
pneumonitis. After drainage there was no tendency for the space to obliterate. 
Excision of the lining membrane of the cyst witli closure of the bronchiolar 
orifices was required before the lung tvould re-expand. Only a small amount 
of lung tissue was sacrificed. 

Case 4.—A Gl-ycar-old white man had a sudden attack of severe dyspnea three months 
preceding admission. He had an upper respiratory infection with paroxysms of coughing 
preceding the onset of dyspnea. His local physician found a left pneumothorax. Repeated 
aspirations of the chest and prolonged bed rest did not influence the collapsed lung. He 
was referred for liospital treatment because of the persistence of severe dyspnea and a left 
pneumothorax. 



A. B. 

Fig. 5. —A, Roentgenogram of Case 5 on admission. The heart Is displaced to the 
The right lung appears to be compressed. medl- 

B, Bronchogram of Case 5. Note compression of the entire right lung along 
astlnum with shift of all mediastinal structures to the left. 


The findings of significance were those of a left pneumothorax witli complete co a^^^ 
of the left lower lobe and partial expansion of the loft upper lobe which was suspen 
from the apical thorax by adhesions (Fig. 4). Studies for tuberculosis were negative. 

Thoracotomy was performed on Dec. 23, 1949. A large cyst arose from the 
segment of the left upper lobe. Unfortunately the cj'st was entered as the 
was incised and no definite point of spontaneous leakage was determined.- the 

beculated base with multiple bronchiolar orifices was found in the anterior ®®^®” ^ jjjjjg 
left upper lobe. When the entire wall was excised and the orifices closed t e 
promptly re-expanded. The chest was closed about a catheter drain for suction. ^n- 

study of the wall showed onlj' connective and granulation tissue. The pa len jjggpjtal 
eventful postoperative course, the lung expanded, and he was discharged^ rom 
the eighth postoperative day. He has been free of symptoms since disc arg 


on 
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Comment .—Tliis illuRtrntes a common complication of blebs and bnllne. It 
is surprising that clinical evidence of infection was not superimposed in view 
of the prolonged Icnbnge through the cyst wnll. The absence of any symptoms 
preceding an upper respiratory infection suggests that this cystic lesion may 
have been acquired quickly and was of short duration. 

Case 5.—A O-week-ohl boy Imd respiratory difllculty eince birth. A week preceding 
tdmiRslon the Infant hnd increasing air hunger manifest by rapid respiration and c^Tinosis 
on exertion. Examination gave evidence of n right tension pnonmothoraxL Roentgeno- 
graphically there vas gross mcdinatinnl displacement to the left, with only a few lung 
markings on tho right aide (Pig. n, /f). A bronrliogmm showed compression of the entire 
right lung along the mediastinum (Fig. 5, Jt). 

Operation was performed on Feb. 10, 1050, and a Inrgc mnltiloculated cyst of the right 
lower lobe wns fonnd. It wns necessary to sacrifice portions of the posterior and lateral 
basal segments of tho lobe due to the nttennation of lung parenchyma in those areas. Tho 
CTSt wall was excised. During (he closure of the bronchiolnr oriflccs complete obstruction 
of tho airway developed, the infant become cyanotic, and cardiac arrest occurred. A 
tracheotomy was started but before it wns completed the airway obstruction was relieved, 
posiiiily by the hypercxtonslon of tho neck, ivrnnuni cardiac massage bad been maintained 
and the heart promptly regained its normal rhythm. The chest was quickly closed obout a 
catheter drain for suction and no further bronchiolar closure was accomplislied, but it was 
felt the main orifices hod been closed. Histologic study of the cyst wall showed the Un- 
ing to be composed of respiratorj* opithelium and conne«'tive tissue. A persistent air leak 
oworred'for nine days postopemtively. This scaled spontaneously and the Infant ww dis¬ 
charged on tho twenty-first postojicmtivc day with the lung expanded except for n small 
residual basal air-pocket. Twenty-three days following discharge he wns ro-ftdmitted witli 
fladlags of a right tension pneumothorax. Suction dniioagc of the pleural space was estab- 
Tuhed, the lung promptly rc*cxpnndM. Dmirmge was di^continupd after seventy-two hours, 
the infant was discharged fourteen days after adminj-ion with findings of a completely re- 
wrpauded lung. 

Comment .—This pntient illuslrntos tho cnrly npc nt which these lesions 
occur. The histologic finding’ of both respinil<ir*y opithelium nnd connective 
tissue in the lining of the cyst suggests that tho rapid expansion of the cyst 
oftcr birth may have ni|)turcd the ei)ithclial lining in the ballooning process. 

The occurrence of a tension pneumothorax follovung discharge suggests 
either bronchial leakage from the site of the removal of the cyst or the rapture 
an additional bleb. Tt wns thought inadvisable again to explore the thorax 
in this infant in view of the prompt and satisfactory response to suction alone. 

SU3IIIARY 

Sjuaptoms produced by single large cysts of the lung are extremely vari- 
^le but depend upon compression of residual nondiseased lung tissue, super- 
™Posed infection, hemorrhage, and spontaneous rupture of the cyst. The 
^wponie to treatment depends upon the presence or absence of a lining of 
r^iratory epithelium. In the presence of an epithelial lining obliteration of 
s cyst cannot be anticipated until the bronchiolar fistulas ore closed and the 
of the cyst removed. It is not possible to determine the presence or ab- 
wnce of an epithelial lining clinically. It is recommended that single large 
Ws of the lung be treated by simple excision of the walls of the space, closure 
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of broncliiolar fistulas, and oliliteration of the pleural space by re-expansion of 
the lung udth catheter drainage and suction. Cases to support these recom¬ 
mendations are cited. 

ADDENDUM 

Siuce this paper was submitted for publication, three additional cases of giant cvst 
of the lung have been operated upon using the method described. One patient developed 
a postoperative hemothorax which responded to aspiration. There wore no complications 
in the other cases, and all three patients have satisfactory results. 
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EXl*ERlJ]Ei\TAL TUBERCULOSIS 

II. EFraCTS OF LigaTIOK of PuLilON’ARY ArTERIES OX TUBFJICULOSIS 
IX MoXKETi'S 

ir. AV11J.IAM Scott, Jr., ]\r.D. (nv in-mtatiox), axd C. Roluns IIanlox, M.D., 
B.tLTijroRE, ^In., AXi> Bvnox J. Or.^x, JLD. (nv ixyitatiox), Bethesoa, 3 Id. 

I N A previous rcporU Ave have clescribod the eficets of niinstomosis between 
systemic and pulmonary artoric.s in monkeys Avith induced tuberculosis. As 
n further phase in a s;^’s^ema^ic ijn'CvStipation of expenmcutal alteration of the 
eirculntiou in pubnonnrj’ tuberculosis, tliis report is concerned Anth the effects 
of lipntion of pulnionnrj’ arterie.s on tubcreiilosiH in monkeys. 


.AIKTIIODS 

lu thew carpcrinients 23 licnlthy 2laca<si mulatta nioukov-s nrro nxsi All vroro B<i)ccte<l 
from carofally nepn-fintcHl Btook nninixilf* whioli lind con?iMcntly dion-n negntiro reactions to 
repeatetl tulwrculin Into onrh aitinml was injeetof! through tbo saphenous vein a 

rtinOnrd sir<])C#isjou of the snmo rirulonr ‘♦tmln of Mt/e/fhtirri rium tMlerrvIosis Jtominii irhich 
ustsl in our prcyvlous experiments. 

The infecting dose wns given to one group of nionkoya 18 to 24 hoor* before opera* 
tloa, and a compArnldo group of oJunuUs wore infccto<l <i to 33 days after operation. In both 
CroQps of aaininls the op<‘rnlion consisted of (nt divlhiou of right or left pulmonary artery, 
ot (b) dirision of hranclics of the pulmonary artery t" the right or left upper lobe, and (c) 
control thomeotoroy. 

nACTERIOLOOlC TKt'IINUiCF 

A virulent strain of Jft/co. ta6crcufo.<i> ieointed by one of us (B. J. O.) at the 

KntioruQ Institutes of IlcaUh uns used in these experiments. Tlio vlnJcnce of this strain, 
tbo details of culture, and tho stnndanlired technique employc'l in preparation of emulsions 
far animal Inoculation hnvo l>ecn discussed in a previous comniunlcntion.i The dose of 
hiherrle bacilli given intravenously to each monkey in the present experiments consisted of 
1 of ft suspension containing 10-* milligrams of organisms. As may bo seen in Table 
I the numlxir of injected viable particles (single or elumpcl Imcilli) ranged from 99 to 887. 

degree of variation oceurrcKl despite every effort to insure uniformity in different 
preparations of emulsions during the 1C month i>erlod in \vhi**h these animal inoculations vero 
made. 


OI’EILm\T=: TRCEINIQl'E 


Intravenous sodinm pcntobarl'itnl anesthesia (30 rag. per kilogram) with morphino* 
fttropias premcdlcntion wus usetl. Pulmonary ventilation ana lunintAined by nicans of a 
“^hanlcal rospirntor which delivered oxygen through nn endotracheal tube,* Aseptic sur* 
P®d technique was used in nil opcnitions. After the hair had been dipped from tho op- 
area, the skin was pointed vrith tincture of iodine followed by iilcohoL Tho chest 
^ ente red anteriorly through tho fourth Intercostal space on the left. 


and Uie Bepartment of 8unrcr>- of Uie Johns Hopkins University Scliool of Medicine 

me L*boratorj' of Infectious Diseases of tho Natlomxl Institutes of Health. 

'Vork supported In part by a grunt from the Maryland Tuberculosis Association, 

before the Thirtieth Annual Mooting of Tlio American .Viwoclatlon for Thoracic 
Denver, Colo.. April 15 - 18 , 1950. 
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In ligation of the pnlmonary artery the vessel to the exposed lung was dissected free 
in the mediastinum and divided between ligatures.* In ligation of branches of the pnl¬ 
monary artery to the upper lobe the artery to the exposed lung was dissected free in the 
mediastinum, and the superior branch of the artery was isolated, doubly ligated, and divided. 
Dissection vvus carried distally along the descending tmnk of the pulmonary artery and any 
additional branches entering the npper lobe were divided. A small recurrent branch entering 
the inferior aspect of the hilum of the right upper lobe was regularly encountered in these 
monkeys. 

In control thoracotomy the exposed lung was packed down with moist gauze for 15 to 
60 minutes. In addition, in some of these animals the pulmonary artery u-as dissected free 
and occluded by a rubber shod clamp for a brief interval. 

After each type of operation the lung was carefully re-expanded and closure of the 
chest wall was carried out in layers witli interrupted silk sutures. Following operation eacli 
monkey was given intramuscularly 300,000 units of penicillin in oil. The animals were kept 
in separate cages in the same isolation room and were fed stock diet until their deaths. 


RESULTS 


There tvere no immediate postoperative deaths in the 23 animals submitted 
to operation. All tvounds healed per primam and there was no instance of 
wound infection or empyema. Tuberculosis developed in each of the 23 mon¬ 
keys and the disease was allowed to progress to a fatal termination.! A com¬ 
plete autopsj’’ was performed immediately after death in each case. A special 
attempt was made to compare the character and extent of the tuberculous 
process in the lobe or lung on the side of arterial interniption with the lesions 
in the other pulmonary units of the same animal and vdth the lesions in the 
lungs of the control animals. Sections were taken from the lungs and other 
viscera for microscopic study. Color photographs were made as an aid in 
recording gross pathologic appearances. 

Results Following Ligation of Right or Left Pulmonary Artery.—-In 8 
monkej^s the right or left pulmonary arteiy was ligated. In 4 of these animals 
the infecting dose of tubercle bacilli was given 18 to 24 horn’s before operation. 
In the other 4 monkeys the bacilli Avere injected 6 to 13 days after operation. 
The monkeys lived from 66 to 376 days aftei’ inoculation. Pertinent data for 
these animals are summarized in Table I. 

In 7 of the 8 animals with ligation of the pulmonary artery the extent o 
the pulmonary disease as seen at autopsy Avas greater in the lung on the si e 
of the arterial ligation. Examples of the differences in the disease piocess ui 
the tAvo lungs are depicted in Figs. 1, 2, 3, and 4. In general, there irere 
numerous conglomerate tuberculous lesions in the lung on the side of opera 
tion. This lung shoAved massiA’’e caseous areas in contrast to the opposite uug 
Avhich presented smaller, less Avidely distributed tubercles, usually o c 
miliary type. In 6 of the 8 animals the lung on the side of operation Avas 
larger than the opposite lung. This increase in size is largely attributa e 
the greater amount of caseous tuberculosis in the lung. Figs. 1 ^ 

amples of this change in pulmonary volume due to massive tubercidous m 
tion. 


•Throughout this report the term "ligation" will be used to Indicate dou 
division between the ligatures. arteries to the 

tone monkey died of an undetermined cause 18 days after IjsaUou of tn .. j._ 
right upper lobe. Autopsy showed only a few scattered miliary lesions in tn 




2 (Monkey E-10).—Llffatlon of rJglit pulmonary arten'. Intravenouj Injection of 
-V preceding operation, t^th 134 daya later. Photograph of lung* at 

left iTi multiple large caeeous foci In right lung. Tuberculoui leelona are present In 

RirfoS.^ hut are emaller and lea* extenilve than on the right. The projoctione from the out 
rpnir the left lung represent branchea of the pulmonary artery fllfed with an Injection 
introduced Into the right ventricle at autopsy. 
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Tlie extrapulmonaiy lesions in this group of monkeys were concentrated 
chiefly in liver, lymph nodes, and spleen, although scattered miliary lesions 
Avere distributed throughout many other viscera. Brain and meninges showed 
a feAv scattered miliary tubercles in 2 of these animals. Fig. 5 illustrates the 
lesions characteristically present in liver and spleen. 

Microscopic study of sections from the lungs and other rdseera of these 
monkeys confirmed the condition found at autopsy. Acid-fast stains dem¬ 
onstrated large numbers of tubercle bacilli in the lesions. There was a uni¬ 
form lack of fibrosis around the areas. Mjcroscopic examination of the le¬ 
sions in the trvo lungs failed to shorv any significant differences rvhich were 
not apparent from the gross examination. 



Fig. 5.—Photograph of abdominal viscera in a monkey vlth division jg seen 

to right upper lobe. Deatli 84 davs after Infection. The same general dlsnmuuo 
in all animals of these groups, although the liver is often more heavily ln\oi\eu. 


Results Following Ligation of Branches of Pulmonary Artery to ® 
Left Tipper Lobe. —The branches of the pulmonary artery to the upper o e o 
the right or left lung Avere ligated in 8 monkeys. In 4 of these anima 
infecting dose of tubercle bacilli Avas giA'en IS to 24 hours hefoie opeia lo 
In the other 4 monkeys the bacilli AAmre in,iected 6 to 13 days aftei opera lo^ 
One of these latter animals died 18 days after operation of an 
cause; autopsy shoAved only a feA\^ scattered 1 mm. tubercles in the bver. ^ 
other 7 monkeys lived from 72 to 177 days after injection, and in eac 
extensive tuberculosis Avas formd at autopsy. Pertinent data for these anim 
are summarized in Table I. 

In 6 of the 8 animals Avith ligation of branches of the pulmonary ar 
to the upper lobe the extent of the pulmonary disease as seen at 
greater in the upper lobe on the side of the ligation. Examples o ^ 
ference betAveen the disease process in the affected upper lobe an a 
remainder of the limgs are shoAvn in Pigs. 6, 7, 8, and 9. 
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(ilonkei- rl-38) —UCTtlon of pulmoiuir>- artori<i* to upper lobe, rlgbt lun^. 
Injection of tubcrclo bRClUl is day* after otK)rotl«»n. Died 90 days later, 
proctii more extensive In risht unp<‘r lobe. 


Intra- 

Dlseaao 



[LEFT_ RIGHT 


venonf^^aj^filonkor H-9).—Upatlon of pulmonary nrterle* to upper lobe, 
tubercle bacilli G days after operation. Died 187 days 1 
“Wf* extensive m right upper lobe. 


right lung. Intra- 
ater. Disease proc- 
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Fig. 8 (Jlonkcy F-7).—Ligation of pulnionarj’ arteries to upper lobe, jlfbt lung. 
venous Injection of tubercle bacilli 18 hours before operation. Died li7 days later. 
caseous foci In rlgtit upper lobe. 



Fig. 9 (Monkey F-8).—Ligation of pulnionarj' arteries to Jlater. 

o Inn nf tiiViprnlA 9n 1-ir.ii¥.a nnf>mtlOn. DlCCl ID.. .. 


venous Injection of tubercle bacilli 
caseous focus in left upper lobe. 


Intra- 

Large 
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Fljr. ifiA (Monkcj* H*50).—Contn*! thorvcotomv. iicljt. Intravenou* Injection of 
tabercio bocUll on day before oporntlon. Diert 119 dnyn Nu cascnUal dlffcrenco between 

the lonca. 



JAIonkey N-42).—Control tlioracotomy. left Intravenoua inJwUon of tn^rcle 
before operation. Died 98 dnya later. Lunpa show equally dlatrlbutod mOlary 
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In general, the same changes in the disease process were found in the af¬ 
fected upper lobes of these animals as were encountered in the entire long of 
the monkeys Avith ligation of the pulmonary artery. There were large con¬ 
glomerate caseous masses in the upper lobe with arterial branches ligated in 
contrast to scattered small lesions in the remainder of the lung. 

In 2 animals the disease process was of no greater extent in the upper 
lobe with ligated arteries. One of these monkeys received the infecting dose 
of organisms 13 days after the arteries to the upper lobe had been ligated. 
At autopsy there were seen 53011 metrically distributed small lesions throughout 
all lobes of both lungs. The second animal died so soon after inoculation 
(19 da3'^s) that there Avas no gross eAudence of tuberculosis in the lungs at 
autops3'. 

In these monke 3 ’S Avith ligation of arteries to the upper lobe the extra- 
pulmonar}^ lesions folloAved the pattern preAuousl}'' described in monkeys ivith 
ligation of the pulmonaiy arteiy. Microscopic study confirmed the observa¬ 
tions made on gross examination. Tubercle bacilli Avere demonstrated in the 
lesions by’- acid-fast stains. 

Results Folloiviug Control Thoracotomy. — ^In 7 monkeys thoracotomy Avas 
canned out but arterial ligation A\ms not done. In all of these animals the 
lung Avas packed doAvn for a brief period to simulate conditions existing dur¬ 
ing ligation of a pulmonary artery. ]\Ioreover, in 2 monkeys the pulmonary 
arteiy was dissected free and Avas occluded by’ a nibber shod clamp for a short 
time. Four of these monkey's Avere giAmn the infecting dose of tubercle bacilli 
18 to 24 hours before operation; the other 3 monkeys Avere infected 6 to 13 
day’s after operation. These control animals liA'ed from 76 to 150 day’s after 
inoculation. Eesults are summarized in Table 1. 

At autopsy’ the liuigs of these 7 monkey’s shoAved an equal distribution 
of tubercles of miliary ty’jre, ranging from 1 to 5 mm. in diameter. There 
Avere no obseiwable differences between the tAvo lungs from the standpoint 0 
character or extent of the disease process, noi’ Avas there any difference in the 
extent or distribution of pulmonary tubercles in the monkeys inoculated be 
fore operation aird in those irroeulated after operation. Typical findings at 
autopsy in the lurrgs of these arrimals are illustr’ated in Fig. 10. 

Extrapulrnorrary lesiorrs in these control animals Avere similar in charac 
ter and distribution to those in the monkeys Avith arterial ligations, hircro 
scopic study’ of the lesions in the control animals demonstrated mrmerorrs 
tubercle bacilli and confirmed the corrdition obsei’A’ed at autopsy. 

WSCUSSION 

The results of this investigation indicate that in monkeys Avith 
tuberculosis, ligation of a pulmonary artery produces in the area supp re 
the ai’tery a pathologic process Avhich differs from that in the rerrrainder 0 
pulmonary tissue. "When the artery to orre lung is ligated, the disease 
becomes more extensive in the liurg on the side of ligation. AVherr a 0 ^^^^ 
artery is ligated, the disease process in that lobe becomes more extensive ^ ^ 
in the remaining lobes. Conglomerate caseous tuberculous lesions are oun 
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the pulmonnrj’ unit thus deprived of a portion of its blood supply. In con¬ 
trast, the remaining pulnionnrj' tissue shows the miliary form of tuberculosis 
typically found in both lungs of control animals. 

All of these animals were given the same dose (10"* mg.) of the same 
strain of jlfyco. luherailosis Iwmhiis. In all c.xpcriments the organisms were 
introduced through the saphenous vein. In half of the animals the infecting 
dose was given 18 to 24 hours before operation. This preoperative injection 
was designed to effect equal seeding of the two lungs ulth the initial dose of 
organisms. 

In the remaining animals the organisms wore injected G to 13 days after 
operation. It seems apparent that in those animals with ligation of the pul¬ 
monary artery to a lobe or to an entire lung, organisms injected after opera¬ 
tion would he deposited in small numbers in the pulmonary unit thus deprived 
of its pulmonary arterial blood. Dc.spite this smaller initial inoculum the dis¬ 
ease process at autopsy was in most instances found to be more extensive in 
the lobe or lung with a ligated pulmonaiy artery. A summary of the over-all 
results of ligation of pulmonarj- arteries in Imth groups of monkeys is pre¬ 
sented in Table IT. 

Table II. Rssm.TB or Lioatio.v of Puiaioxary Aeteuies is Siiteek Mo.xkeys Wmi 
Intioceb Tubeecvlosir 

Lesions more oitenslvo in lobe or luag ivith artery lipatci) 13 

No dilleronce in distribution of pulmonary lesions 2 

_ Early death tritbout gross pulmonary lesions _1_ 

These effects of pulmonary artery ligation may be considered in relation 
to previous observations on this subject. In 1924, Schlaepfer’ studied the 
changes in the uninfected lung of tho dog after ligation of a pulmonary ar- 
terj'. On the basis of the fibrosis and shrinkage which occurred he concluded 
that ligation of a pulmonarj’ arterj’ might prove to be an effective means of 
treatment in human pulmonary tuberculosis. Ilesse* has recently reported 
that partial occlusion of the main pulmonaiy arterial trunk resulted in in¬ 
creased snsceptibilitj' to tuberculosis in guinea pigs exposed to air-bome in¬ 
fection. 

A few attempts have been made to modify the course of human pulmonarj’ 
tuberculosis by ligation of a pulmonary artery. In 2 patients with cavitary 
tuberculosis 'Wilms’ ligated the pulmonary artery vrith apparontly beneficial 
results. Elocaser® in a report on surgical attempts at relief of severe hemopty- 
in pulmonary tuberculosis, dascribed a patient who was relieved of 
hemoptysis for 8 months after ligation of the pulmonary artery to the right 
lobe. Hemorrhage then recurred and the ultimate fate of the patient 
not recorded. RienhofiT in n recent publication mentioned a group of 8 
Pfltients uith pulmonary tuberculosis in whom ligation of a pulmonary artery 
in disastrous extension of the disease. 
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The results of the present experiments in monkeys A\dth induced tuber¬ 
culosis, together Avith the unfaA’orable results reported by Rienhoff, suggest 
strongly that ligation of a pulmonary artery is inadvisable in the surgical 
treatment of human pulmonaiy tuberculosis. 

The changes produced in the disease process in this group of monkeys by 
ligation of jiulmonary aideries are essentially the same as those Avhicb were 
encountered during an earlier phase of this investigation in the lungs of mon¬ 
keys with divei'sion of systemic blood into a pulmonary artery. In the pre¬ 
vious study' it was found that anastonio.sis between systemic and pulmonary 
arteries in monkeys with intraA'enously induced tuliereulosis resulted in an 
extensive caseous form of the disease in the lung on the side of the anastomosis. 

It is interesting that the same extensive caseous changes develop in the 
lung of monkeys Avith induced tuberculosis Avhieh undergo such AAudely dif¬ 
ferent operatiAm procedures as ligation of a pulmonary artery and anastomo¬ 
sis betAveen a systemic and a pulmonary artery. These procedures appear to 
produce in the lung on the side of operation similar favorable conditions for 
progression of the disease. 

A liuig Avith a ligated pulmonary' artery is supplied only by the bronchial 
arteiy. In contrast, a lung Avith a systemic-iiulmonary anastomosis is sup¬ 
plied not only by the bronchial artery but by' the arterial blood floAving through 
the anastomosis. There is obviously^ a greater blood Aoav to the lung under the 
latter condition. In both eases, hoAvever, the lung on the side of operation is 
perfused only' by fully' oxy'genated blood in contrast to a normal lung which 
receives a mixture of oxygenated and unoxy'genated blood. Thus, it is pos¬ 
sible that the caseous pulmonaiy changes encountered in monkey's idth pul- 
monaiy arteiy ligation and in those Avith sy'stemic-pulmonaiy anastomosis are 
related to high oxygen tension in the blood perfusing the lung on the side of 
operation. Further Avork is required to eA'aluate the importance of this anc 
other factors Avhich may' be related to these changes in the tuberculous process. 


SUJUUVRY 

In a series of 23 monkey's tubei'culosis Avas induced by intravenous injec 
tion of human tubercle bacilli. The effect of ligation of the pulmonary aiteiie.s 
iu these animals has been observed. In 7 of S monkeys Awth interruption ot 
the pulmonary' arterial blood supply' to an entire lung there resulted an e.v- 
tensive, caseous tuberculous process in that lung, in contrast to the seatteie 
miliaiy lesions found in the opposite lung. 

Similarly', Avhen the pulmonaiy arteiy to a single lobe Avas ligated, an e.^ 
tensive caseous process developed in that lobe in 6 of 8 animals. In conti as , 
scattered miliary lesions Avere found iu all other lobes on both sides. 

In 7 monkeys Aidth induced tuberculosis Avhich Avere submitted to 
thoracotomy, the tuberculous process Avas uniformly miliary in ^ 

difference betAveen the lung on the side of operation and the opposite imo- 

There is no essential diffei’enee bet.AA'een a group of monkey's given the 
fecting dose of organisms on the day' preceding operation and a compara 
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proup infected C to 10 dnj’H altee operntion. Tlie cnHeoua tuberculous process 
whicb wns observed after ligation of pulmoiiarj' arteries Ls similar to that 
which wo have described after auastomosiB between systemic and ])ulmonnr.v 
arteries in monkeys. The possible relation of these changes to increased oxy¬ 
genation of the blood perfusing the lung in these two instances of altered pnl- 
monarj- circulation is noted. 
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PULMONARY FUNCTION BEFORE AND AFTER EXTRAPLEURAL 

PNEUMOTHORAX 

A Comparison "With Other Forms of Collapse and Resection 


Edward A. Gaensler, M.D.® (by invitation), and John W. Strieder, M.D. 

Brookline, jMass. 


T he primarj^ aim of any collapse procedure or resection in the treatment of 
pulmonary tuberculosis is arrest of Jhe disease. Operative mortality and 
morbidity, complications or deformities, and late statistics further influence 
the fate of any particular method of treatment. In the choice of procedure 
preservation of pulmonary function as another factor has beeu increasingly 
recognized during the past twenty yeai*s. Collapse and resection procedures 
which are most selective and interfei'e least vuth ventilation are now known 
to cany a smaller operative mortality and are folloived by a smoother con¬ 
valescence. Furthermore, such '‘iiarenchymnl-sparing” operations can be 
made available to a group of patients witli very advanced or bilateral disease 
whose pulmonary reserve is such that only the most “selective” of procedures 
can be tolerated. Finally, such procedures cause less disability and therefore 
offer a greater opportunity for the patient to be restored to economic use¬ 
fulness. 

The effect on pubnonaiy function of manj’’ presently employed collapse 
procedures has been investigated. These reports to some extent have been 
responsible for the decline in popularity of such therapeutic measures as pnem 
mothorax, and have prompted phthisiologists and thoracic surgeons to loo 
for modifications of tlioracoplastj’^ in order to avoid jiaradoxical movement 
of the chest wall. Other forms of therapy, as pneumoperitoneum, have been 
received with great favor partly because of their complete reversibility an 
the small loss of pubnonaiy function incident to their administration. 

The enthusiastic introduction of the modern extrapleural pnenmono ysis 
followed by extrapleural pneumothorax by Schmidt^ and Graf- was base 
a great extent on the clinical obseiwations of the “selectivity of the pro^ 
cedure and the laboratory findings of Gaubatz^ who showed that extiap eura 

pneumothorax caused relatively little loss of function. _ i 1 le 

Most investigators, since then, no matter what their opinion of t ie va 
of the operation as a w'^hole, have agreed that extrapleural pneumot loiax 
selective and hence can be made available to patients whose pnlmonaiy 
is such that they could not tolerate thoracoplasty. They have fuitiei g 
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ernlly obscn'cd that dj'spnen nfter this operatiou is uncommon nnd a few 
who measured vital capacity Imrorc and after operation found the loss small. 
Similar obsorcations concerning extrapleural plombage were made by Alex¬ 
ander sixteen years ago. lie performed such an operation on a patient with 
a vital capacity of 800 c.c. without ill effect.* Like experiences have been 
reported recently when some of the newer plombage materials were used.” 

The only recorded study of the effect of extrapleural pneumothorax on 
pnlmouary function was made by Qaubatz in 1938." llaximum breathing 
capacity, vital cn))aeity, residual air, and oxygen debt were studied before 
nnd less than one month nfter oiierntion in 77 patients. Improved function 
was reported after operation in 24 i>cr cent of the patients, uuehnngcd function 
in 33 per cent, nnd the remainder showed a loss of function of no more than 
10 per cent. lie compared these results with those nfter thoracoplasty nnd 
phrenic iuterruiition nnd concluded that exlrnpleurnl pneumothorax and oleo¬ 
thorax cnuserl less loss of function than either of the other operations.” No re¬ 
ports on the iihysiolngie effect of cxtirntrleural pneumothorax have appeared 
in this countrj’. 

IVe have undertaken to study the effects of extrapleural pneumothorax on 
pulmonary physiologj- for several reasons: (1) the advent of newer methods 
of study of residual air nnd of split function by bronehospirometry; (2) the 
nvnilnbility for comparative purposes of a large number of other types of col¬ 
lapse procedures studied at the same po.sto|ieralive intervals nnd by the same 
methods of investigation; (3) the possibility of comparing extrapleural pneu¬ 
mothorax not only with thoracoplasty hut with medical collapse procedures 
and tvith newer types of treatment, imrticularly resection; (4) the paramount 
unportance of comparing the effect of various collapse measures on lungs with 
comparable pathologic lesions; nnd (5) the recent renewed interest in extra¬ 
pleural pneumothorax,'' * This renewed interest has been stimulated by the 
availability of antibacterial agents,” the potential usefulness of the procedure 
as a preliniinniy to thorncojjlnsty,'” and the increasing demand for more 
selective” collapse procedures that will avoid the paradoxical movement 
of the decostnlized chest wall nnd offer maximal preservation of function. 


Seleciion of Patienfg .—Extrapleural pneumotliomx was carried oat on 30 occasions on 
^ patients with the tollowlng three inaicatlons (Tnblc 1); (t) previoos contralateinl col- 

^ therapy with resulting contralnteral limitation of fonrtion making the use of other 
“Uspee procedoros InadTisable (12 cases). In general, we have hesitated to perform 
t orswplasty or resection if the involved loog carrietl more tlian GO per cant of the total 
'“nebon, no matter what the total function might bo. (2) Bilateral cavitary disease of such 
“tmo that the necessity of eventual bilateral collapse therapy nppeared great (13 cases), 
t ) As a ptcUminary to a modified type of Oioracoplaaty (5 cases) requiring extrapleural 
Paeumothorai as n first stage, ns used by Hurken nnd Cincotti.^” 

OpcTolire Procnlvrr .—A standard extrapleural pneumonolysis throngh the bed of the 
posterior rib was performed on nil pntienta.'i. ■=. The dissection on the mediastinal 
**P*ct xsi carried domx to and over the niygos vein on tlie right nnd the arch of the aorta 
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Table I. Ixdicatioxs for Extilvpleural Pneumotuorax ; Vital Capacity and RESinnAi, 

Am Before and After Operation 






1 VITAL CAPACITY (LITERS) | 









6 

RESIDUAL AIE 

CiVSE 

AGE 





14 DAYS 

MONTHS 

IN C.C. 

NO. 

(Y'E,VR) 

SE.Y 

CONTRALATER,U, LUNG 

NORMAL 

PRKOP. 

POSTOP. 

POSTOP. 

PREOP. 1 POSTOP. 


Group 1 


1 

21 

F 

50% pneumothorax 

3.25 


o 

31 

F 

70% hydropneumotho¬ 

2.99 

2.14 

3 

17 

F 

rax 

Pneumothorax, cavitary 

3.37 

1.81 

4 

36 

F 

disease 

Unexpandable pneumo¬ 

2.94 

1.66 

5 

34 

F 

thorax lung 
Pneumothorax, cavitary 

2.91 

2.01 

6 

34 

F 

disease 

Pneumothorax, cavitary 

3.04 

1.51 

7 

24 

F 

disease 

No lung 

3.25 

1.36 

8 

39 

M 

90% pyopneumotliorax 

3.88 

2.78 

9 

44 

M 

10 rib thoracoplasty 

4.25 

1.88 

10 

23 

M 

Cavitary diseaso 

4.36 

3.20 

11 

23 

M 

Extrapleural pneumo¬ 

4.36 

2.85 

12 

41 

Al 

thorax 

Effusion, atelectasis 

3.97 

2.90 

13 

35 

M 

Effusion, unexpandcd 

4.25 

3.40 

14 

49 

U 

lung 

Cavitary disease 

3.66 

2.95 

15 

49 

M 

Extrapleural pneumo- 

3.66 

2.58 

16 

39 

11 

thorax 

Cavitary disease 

4.09 

3.13 

17 

33 

F 

Cavitary disease 

3.00 

3.17 

18 

40 

M 

Cavitary disease 

3.95 

3.73 

19 

50 

U 

10 rib thoracoplasty 

3.92 

1.70 

20 

37 


Cavitary disease 

4.23 

2.70 

21 

22 

F 

Cavitarv disease 

3.32 

2.32 

22 


M 

“Normal” 

3.85 

3.05 

23 

40 

F 

“Normal” 

2.88 

3.03 

24 

37 

F 

“Normal” 

2.80 

2.15 

25 

46 

M 

“Normal ’ ’ 

3.90 

3.65 

26 

20 

F 

“Normal” 

3.39 

2.98 

27 

26 

M 

Cavitary diseaso 

4.16 

1.68 

Mean 




3.59 

2.77 


1.56 

1.80 

1.58 


1.55 

2.00 

1.36 

1.01 

2.22 

1.56 
2.55 
2.42 

2.10 

2.86 


2.45 

2.01 


2.45 

2.34 
3.16 
1.52 

2.35 
1.90 
2.95 

2.58 
1.84 
3.12 
2.43 

1.58 
2.25 


Group 8 


28 

29 

30 

38 

42 

52 

M 

F 

F 

Surgical decortication 
4 rib thoracoplasty 
Cavitary disease 

4.17 

2.72 

2.05 

2.38 

1.85 

1.58 

0.90 

0.80 

0.75 

Mean 




3.18 

1.94 

0.82 


1.60 

1.90 


1.38 — - 

2.00 — - 

1.95 — - 

1.09 720 200 

2.48 1,100 480 

— 1,650 920 

2.85 1,240 820 

2.45 820 415 

2.39 — — 

2.08 1,110 710 

2.58 1,360 810 

— 810 625 

2.43 — - 

2.60 — - 

3.20 1,400 910 


3.06 

2.5 

1.90 

3.26 

2.80 


1,620 1,105 
970 715 

1,100 820 
1,005 510 


2.42 1,145 695 



on the left. Postoperative care was identical to tliat by others except tha a ^ 

tapped dr}' assiduously and 500,000 units of penicillin and 0.5 Gm. of streptomyc 
jected into the extrapleural space daily for two weeks. . thoraco- 

Operaiive liesulls .—Four patients have had previously planned 
plasty. The space was lost in 4 patients for various reasons making postoperative m rpjjgjg 
of the spaces unsatisfactory. The remaining 20 patients carr}’ 22 e.xtrapleura 
have been no deaths, operative or otherwise, no bronchopleural fistulas, no 
empyemas, and no spreads or reactivations. pJ in our 

VentUaiory Studies.—A. detailed outline of ventilatory studies M per orm jg 

laborator}' has been reported elsewhere.i^ All patients were studied imme e.xercises 

and fourteen days after operation and six months Inter after having been on ua 
for two months. A few of the recently operated patients and those in w om 
conversion was planned, were restudied as early as two montlis after operation. 
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Hcstinp minute ventilation, vital capacity and its BuMivisions, minute oxj'pen con- 
BomptloD, and the ventilatory equivalent were obtained from Bpirograma made with a closed 
drenit water spirometer with the patient breathing oxygen in the supine poaitioru Vital 
capacities were also determined in the upright position. The maximum breathing eapndtyis 
was collected with n high velocity respiratory valve and a Douglas Img.if The walking ventila¬ 
tion was obtained in like manner during nio<lcrntc exercise—walking on a level at the rate of 
ISO feet per minute for three minutes. The walking index \vnfl calculated according to tlie 

._ , walking ventilation in litcrs/minnlo 411 i. i. ^ -i i 

fonaula- - --,--—^-x lOO.^o All tests were performed in 

maximum breathing capacity in liters/mbmtc 

triplicate and tbo best effort wns reconlOfT. Volumes were corrected to 37° C. Predicted 
Bormal values for vital capacity and maximum breathing capacity were calculated accord¬ 
ing to the regression formulnB of Coumand and nssoctalcsAT Xho air velocity index, pre- 
vlonsly dej»cril)ed by ono of us (E. A. Q.), was cfllculatod according to the formula 
p^r of jmikM ^li mumWathing cnpneil.v „ j 0 

per cent of predicted \ital enpneity 

Signiflcantly smaller values indicate sloinng of the expiratory air stroam due to loss of 
elistidty of tho lung or bronchial obstruction,'** while larger values than 1.0 indicate greater 
than normal venUbtory efficiency. The latter aro usnally cncomitered with pathological or 
snrgical loss of pulmounry parenchymol tisstio. Residual air was determined with some modid- 
catioQS by tho open circuit oxygen breathing method of Darling and associates. 


RroacAospirometry.—This was carrictl out Immediately prior to operation in all but 
three patients. One of these Im«I n previous contralatcml pneumonectomy and tho other hro 
had Mvere recurrent hcmoptjTCf continuing nt the timo of opi*mtion. The tocbnlquo de¬ 
scribed by Jacobaens^* ^vns carricil out with a Zavod double lumen enthetor— and oxygen was 
supplied with a Qebnuer twin spirometer.5* Occasionally pniicnts wirre allowed to breathe 
smbleot atr and tho expired air was collected in Douglas bags and onalyicd.** The same 
method was msed in each patient l>eforc and after operation. 


RESULTS 

Results win be disciussetl in two sections, hi Uie first, changes in pul¬ 
monary function Mill he reported after 27 operations (luring M’hich the pleura 
vas not opened, or, if opened, no httraplcural pneumothorax resulted either 
because of adhesions in tlint area or because of inniiediate postoperative intra¬ 
pleural catheter drainage Mith underwater seal. Tho second gi’oup will deal 
^’th three cases in which the pleura was opened nt operation ^rith a«resulting 
intrapleural hemopneumothornx which persisted hu- nt least two M'eekvS in 
spite of assiduous postoperative aspii*ntions (Table 1). 

Group 1 

ycniilaiory Studies .—The mean maximum brcatiiiiig capacity before op¬ 
eration was 84 liters per minute or 78 per cent of the mean predicted value. 
Fourteen day's after operation it u^ns SO litei's per minute and six months 
after operation 85 liters per minute. Thus postoperatively there was a drop 
■^f maximum breathing capacity of only 6 per cent and eventually there was 
Ho loss but a net gain. The great variability of functional results seen after 
thoracoplasty w-as here absent,” The largest single loss encountered at 
*Hy time after operation was 17 per cent and that occurred in a patient who 
^ had a previous conti'alnteml pneumonectomy (Case 7, Table H). 

The menn vital capacity before operation was 2.77 liters, or il per cent 
the mean predicted figure. Preoperative ventilatory impninnent, as meas- 
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Table II. I\Iaximum Breathing Capacity, Walking Ventilation, and Walking Index 
Before and After Extrapleural Pneumothorax 



maximum 

BREATHING 

CAPACITY (L/M1N.)| 

AVALKING 

WALKING 

INDEX (PER CENT) 

CASE 

NO. 

NORMAL 

PREOP. 

14 DAYS 
POSTOP. 

6 months' 

POSTOP. 

VENTIIjATION 

(L/mN.) 

PREOP. 

14 DAYS 
POSTOP. 

6 MONTHS 
POSTOP. 





Group 1 




1 

96 

71 

72 

74 

20 

28 

28 

27 

2 

84 

85 

87 

88 

18 

21 

21 

20 

3 

100 

57 

60 

— 

22 

39 

37 

— 

4 

85 

72 

71 

73 

17 

24 

24 

23 

5 

86 

G5 

65 

68 

13 

20 

19 

19 

6 

90 

58 

53 

73 

17 

34 

— 

23 

7 

100 

65 

54 

50 

21 

32 

39 

32 

8 

109 

83 

63 

78 

17 

20 

27 

22 

9 

143 

52 

48 

— 

21 

40 

44 

— 

10 

123 

115 

90 

119 

10 

14 

17 

13 

11 

123 

119 

108 

107 

16 

15 

15 

15 

12 

116 

61 

57 

67 

18 

30 

— 

27 

13 

]22 

102 

94 

91 

13 

13 

10 

17 

14 

98 

90 

90 

91 

14 

16 

16 

10 

15 

98 

91 

86 

— 

14 

16 

18 

— 

10 

134 

131 

121 

126 

16 

12 

13 

12 

17 

101 

90 

88 

101 

10 

18 

18 

16 

18 

112 

121 

108 

116 

17 

14 

18 

17 

19 

109 

39 

37 

— 

16 

41 

43 


20 

142 

66 

02 

— 

28 

42 

45 

““ 

21 

91 

64 

01 

— 

18 

28 

29 

19 

21 

14 

21 

12 

22 

121 

121 

119 

121 

23 

19 

19 

23 

98 

85 

78 

88 

19 

22 

24 

24 

82 

77 

80 

84 

14 

18 

T3 

25 

123 

102 

103 

113 

24 

23 

23 

26 

102 

105 

104 

125 

15 

14 

14 

27 

123 

51 

53 

— 

12 

24 

23 


Mean 

108 

84 

80 

85 

18 

24 

25 

2o 


Group Z 


28 

107 

56 

20 


18 

32 

90 

• 

29 

69 

56 

36 

_ 

IS 

32 

50 


30 

74 

70 

43 

— 

18 

26 

42 

- - 

Mean 

83 

01 

33 

— 

IS 

30 

61 

--• 


iired by vital capacity and inaximnm breathing capacity, was roughly 
same. Alter operation the mean vital capacity dropped to 2.25 liters, a oss 
of 18 per cent, and six months after operation it was 2.42 (Table I). 

The residual air, measured in 13 cases, showed a rather large decien 
from a mean of 1.15 liters before operation to 0.69 liters after operation, 
loss of 40 per cent. It is apparent that the extrapleural space is created c e y 
at the expense of residual air (Table I). 

The mean air xmloeity index (Table III) was slightly elevated to 
before treatment, a not unexpected finding since many of the patients cai ^ 
partially collapsed lungs preoperatiAmly and all had advanced paienc yi^^ 
disease.^* SeAmn patients shoAved indices of less than 1.0. Bronchia as 
Avas ruled out in these by bronehodilator studies.’® Pulinonaiy^ emp 
Avas confirmed by residual air determinations in three of the patients. 
there was no appreciable loss of maximum breathing capacity after 
the air velocity index rose to 1.27 and shoAved a further small 
the next feAV months. In other Avords, although the patients lung v 
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Table HL BBONCnosriBOUETRT Axn Am Velocity Ixdex Bcfoee akb Aeter Extrapleural 

Pkeumotiiohai 



BRONOlIOSnnOMETRr, PER CENT FUKCTIOK OP OPERATED LUNO 

1 ATB 

N^LOCITY INDEX 

CASE 1 

1 OXYGEN UPTAKE 

VENTIIaATION 

VITAL a^PAOlTY 



NO. 

1 PREOP. 1 POSTOP. 

PREOP. 1 POSTOP. 

PKEOP. ) POSTOP. 




Group 1 


1 

77 

71 

75 

02 

72 

62 


1,50 

1J57 

2 


05 

68 

59 

74 

67 

1.42 

1.66 

1.64 

3 

34 

34 

38 

39 

36 

36 

1.00 

1.21 

_ 

4 

0o 

55 

04 

59 

73 

58 

1.52 

1.05 

1.83 

6 

45 

43 

5.5 

53 

SO 

64 

1.10 

1.15 

1.16 

6 

— 

— 

— 

— 

— 

— 

1.28 

1.31 

1.27 

7 

100 

100 

100 

100 

100 

100 

1.65 

1.74 

1.65 

8 

85 

82 

70 

73 

89 

84 

1.07 

1.02 

1.12 

9 

80 

86 

05 

58 

TO . 

69 

0.82 

0.92 

— 

10 

77 

53 

74 

35 

72 

52 

1.29 

1.34 

1.49 

11 

47 

30 

45 

.35 

48 

39 

1.49 

1.57 

1.68 

12 - 

40 

33 

68 

35 

,*>2 

31 

0.73 

0.92 

0.97 

13 

53 

46 

01 

46 

65 

44 

1.05 

1.15 

1.19 

14 . 

52 

50 

49 

40 

64 

41 

1.14 

1.37 

1.31 

15 

50 

61 

00 

.51 

59 

51 

1.31 

1.60 

,— 

10 

50 

45 

fMl 

1ft 

30 

20 

1,29 

1.50 

1.68 

17 

40 

35 

51 

44 

40 

35 

0.84 

1.11 

1.16 

18 

34 

.34 

37 

IS 

30 

23 

1.14 

1.20 

1.29 

19 

9C 

91 

OS 

65 

SO 

79 

0.84 

0.87 


20 


_ 

_ 

_ 


_ 

0.76 

0.77 

... 

21 

30 

32 

34 

.10 

29 

24 

1.00 

1.12 

— 

22 

35 

29 

44 

4,1 

45 

41 

1.27 

1.29 

1.27 

23 

38 

37 

45 

40 

39 

39 

0.83 

0.89 

1.00 

24 

36 

30 

57 

51 

38 

42 

1222 

1.59 

1.60 

25 

SR 

37 

50 

47 

40 

.17 

0.88 

1.03 

1.09 

26 

40 

34 

02 

38 

40 

30 

1.17 

1.42 

1.48 

27 


— 

— 

— 

— 

— 

1.05 

1.27 

— 

Mean 

56 

51 

06 

48 

57 

49 

1.12 

1.27 

1.29 

Group t 

28 

72 


62 

__ 






29 

70 

__ 

06 

_ 






SO 

11 

— 

24 

— 

mMm 




Hm 

Mean 

51 


61 

— 

56 

— 

1.23 

1.67 

— 


had decreased, they showed no loss of ninxininl ventilation and were therefore 
able to exchange more rapidly and more efficiently.'* 

The mean walking ventilation of 18 Utera per minute corresponded fairly 
closely to the patients’ metnhotie requirements as expressed by surface area.'* 
Only one patient (Case 20) showed an abnormally high ventilation during 
exercise. There was no signifleant change of walking ventilation after op¬ 
eration, The mean walking index, or percentage of maximum breathing 
rapacity, which patients were required to use during this exercise was 24 per 
rent before operation. Several patients had indices of over 40 per cent and 
Were therefore close to dyspnea at rest.’" The mean walking index six months 
after operation was 23 per cent. In none of these patients, therefore, did 
extrapleural pneumothorax result in a disadvantage from the ventilatory 
standpoint. 

Jironchoxpiromeiry .—^Preoperativc split function studies remarkably showed 
a larger share of the total function being carried by the lung to be operated 
apon. This was due to the fact that 12 of the 27 patients had had contra- 
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lateral collapse therapy at the time of study, and most others had contralateral 
cavitary disease or effusion with unexpanded lungs. Only 4 of the group of 
26 had “normal” contralateral lungs of the type one prefers to see prior tore- 
section or thoracoplasty. The mean oxygen uptake, as per cent of the total, of 
the lungs to be collapsed was 56 per cent, the mean minute ventilation also was 56 
per cent, and the mean vital capacity was 57 per cent of the total. These same 
values after operation were 51, 48, and 49 per cent, respectively. There was, 
therefore, a shift of function to the contralateral side of 5 per cent for oxy¬ 
gen uptake and of 8 per cent for ventilation and xdtal capacity. Even after 
operation, therefore, the operated lungs carried half of the total function. 

Comparison With Oilier Collapse Procedures and Resection. —5Ve have 
chosen to compare the preceding results with those obtained in our own lab¬ 
oratory after other operations rather than with those reported in the litera¬ 
ture. This was done because we felt that although the testing procedures 
used by us are well standardized, nevertheless, variations in detail of tech¬ 
nique from one laboratory to another are inexitable. Thrthermore, aU of our 
patients were studied at the same times—immediately preoperatively, 14 days 
and 6 months after operation. This made for more valid comparison. Last, 
many reports in the literature dealt Avith loss of function of indmdual patients 
and mean values but usually disregarded the type of lung on Avhich the op¬ 
eration Avas performed. This, in our experience, is the single most important 
factor, as far as postoperative functional results are concerned—^far more im¬ 
portant than the numbei' of ribs taken at thoracoplasty^ or even the type of 
procedure itself.-^ 


In Fig. 1 the functional losses 14 days after operation are compared re¬ 
gardless of the tA'pe of lung on Avhich the operation Avas performed. The most 
seA^ere impairment of A’entilatory function Avas due to thoracoplasty in 1 
instances Avith a loss of 26 per cent for maximum breathing and 35 per cent 
for Autal capacity. This large loss immediately^ after completion of stages is 
partly due to collapse, and iiartly' to paradoxical chest motion Avhich is nsu 
ally^ marked so soon after operation. Loss of function after 24 pneumonw 
tomies and 20 lobectomies was almost as large as that after thoracoplasty. 
Phrenic interruption resulted in a 30 per cent decrease of maximum breat ng 
capacity and an IS per cent loss of vital capacity^ Extrapleural 
thorax, A\dth a maximal space at this eaidy postoperative period cause c 
least loss of A^entilatoiy function —5 per cent for maximum breathing capaci 
and 18 per cent for vital capacity. 

Of greater importance than the fourteen-day studies are the 
end results, as measured six months after operation (Fig. 2). Here the unc 
tional loss after pneumothorax Avas by far the greatest, larger than t e 
with thoracoplasty^ 14 days postoperativelyL Pneumothorax Avas not 
fourteen days after induction, since the desired shape and extent of co ap-^^ 
usually had not been obtained at that time. The functional end 
thoracoplasty Avas much better than the immediate result. Losses large 
vital capacity and maximum breathing capacity were only one-ha as 
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LOSS OF VENTLATORY FIMITON 
14 Days Aflw Opefollon 

Ttiofoco- Pnamo- Lobec- Pfrtnsm- Extra- 
plasty nectomy tomy phroxls pleural 



Pie. 1.—Per «nt lou of breathine cai»aclty nnd vital copacltj* fur vurloua collQpaa 

ppoceilurei and rejection It days after operation. 


LOSS OF VEmiLATORY FUNCTION 

6 Months After Operation 


Pneumo- Thoraco- Pneumo- Lobec- Extra- 
thorax plosty nectomy tomy pleural 



P's. I.—Par cant loaa of mfliimum broaUiInc capacity and vital ca^clty for t.arl 0 UB coHapso 
proc^ure* and reaectlon 8 montha after operation. 
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as imuiediately after operation. Patients "with lobectomy or pneumoiieetomv 
showed considerable improvement during the further postoperative period, 
but this was not so marked as with thoracoplasty. Patients after phrenic 
interruption were studied six months after operation but motion of the dia¬ 
phragm had usually returned by that time and results were therefore not in¬ 
cluded. Extrapleural pneumothorax patients, six months after operation, 
show a smaller decrease of vital capacity than after any of the other pro¬ 
cedures and extrapleural pneumothorax was the only operation Avhich caused 
no loss, but a small gain, of maximum breathing capacity. 


BRONCHOSPIROMETRY 

SHIFT OF FUNCTION TO CONTRALATERAL LWIG 

Pneumo- Pneumo- Lobec- Thoroco- Phren^ 
nectomy thorax tomy plasty phroxis pleural 


60r 



_I Oxygen Uploke Mmute Venllloflon Vild Copocfly 

E3 Shift Due To Operation 

Pie. 3.—Shift of function to contralateral lung due to '’arlous collapse proceda^ height 
resection as determined bv preoperative and postoperative hronchosplromeio. of lungs 

of the blocks represent share of total oxygen uptake, ventilation, ana \uai cup 
before operation and the shaded areas represent shift of function to conira 
operation. 


The preceding studies are of interest in that they show what tjT® o 
suits were obtained vdth the various procedures as they were applied to 
dividual cases. They are of no value for actual comparison since the type o 
lung for which the operations were performed were disregarded. The mm 
nearly normal the function of the lungs, the larger the loss of function a 
collapse, no matter how collapse is obtained. This obvious fact has been ® ^ 
by others and in onr own laboratory.'® Furthermore, the choice of proce 
in many cases depended upon the share of function carried by the ise 
lung. This is illnsti’ated in Fig. 3. The total length of the blocks 
the share of the fnnetion-oxygen uptake, ventilation, and vital capacity^^ 
ried by the lung to be collapsed or resected. The shaded areas 
shift of function to the other lung due to operation, as determine y 
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spiroinetrj’- It is apparent that most of our patients selected for pneumonec¬ 
tomy had almost useless lungs fi-om n functional standpoint, niid pneumonec¬ 
tomy was elected ns the procedure of choice in many cases for that reason. 
The average share of the total oxygen uptake of pneumonectomy lungs was 
only 15 per cent. The function of lungs chosen for pneumothorax, lobectomy, 
and thorncoplnsty varied from 30 to 40 per cent. At the other extreme were 
the extm])leurnl lungs ^^ith nn average preoperntive function of over 50 per 
cent. The shaded areas representing loss of relative function obviously cover 
the entire pneumonectomy area. Losses after pneumothorax, lobectomy, 
thoracoplasty, and phrenic interruption were strictly comparable since the 
operations were performed on the same tj-pc of lungs. These functional losses 
were greatest by far for pneumothorax and smallest for phrenic interruption. 

BRONCHClSPIROhCTRY 

LOSS OF FUNCTION OF OPERATED LUNG 

Pnaumo- Pneumo- Lobec- Thoroco- Plren^ Extra- 
nectomy thorax tomy ptosty phroxs pleuial 



^ 0»n«n Uptgl* E21 VW***!" ® Ooi»dl7 

X.—Function of lunp to be oporaled upon wob conjldered 100 per cent, no matter 
the actual ahare of the function. Tho height of the blocka represent per cent loaa of 
oxygen conaumpUon, ventilation, and vital capacTt>- after operation. 

This last operation resulted in no appreciable loss of resting ventilation. This 
was also demonstrated by one of us (E. A. G.) with the aid of bronchospirom- 
®lry during electrophrenic respiration.** The shift of function after extra¬ 
pleural pneumothorax was relatively the smallest of all and the total shift 
compared favorably with that after phrenic interruption. 

Comparison can be made in a difTcrent and perhaps more pertinent way 
fcom the game data: the function of the lung to he operated upon can be 
considered 100 per cent, no matter what the actual magnitude. From post¬ 
operative studies the per cent of loss of function of the involved lung can then 
calculated. Pig. 4 presents data interpreted in this manner. After pnen- 
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monectomy, of course, the loss Avas 100 per cent. Losses in decreasing order 
were then found for pneumothorax, lobectomy, and thoracoplasty. Extra¬ 
pleural pneumothorax caused the least loss of oxygen uptake Avhile phrenic 
inteiTuption caused the least loss of Amiitilation. 

From bronchospirometric studies it was therefore possible to compare 
the loss of function after any particular procedure as applied to the same type 
of lung. Extrapleural pneumothorax Avas performed on lungs can-jong over 
40 per cent of the functional load in 18 of 27 patients. Fig. 5 presents a com¬ 
parison of the losses of maximum breathing capacity and Altai capacity of 
various operations on lungs Avhieh carried 40 per cent of the total oxygen 
uptake or more. There Avere feAV eases in our files of pneumonectomy done 


LOSS OF VENTILATORY FUNCTION (6 MONTHS) 

Lungs With 40% Oxygen Uptoke Or More 

Pneumo- Pneumo- Thoraco- Lobec- Phrenem- Extr^ 
nectomy thorax plasty tomy phroxis pteurat 



Fiff. 5.—Per cent loss of maximum breathing capacity and vital of 40 per 

collapse procedures and resection performed on lunsrs wlilch participated to the cx gir^month 
cent or more in oxygen uptake before operation. Losses were calculated from 
studies with the exception of phrenic interruption. 


on such lungs. The only three illustrated Avere done for smaU malignant tu¬ 
mors. The same, to a lesser extent, applies to all other operations for P® 
cent lungs. Again in this group, pneumonectomy and pneumothorax le ^ 
decreasing order of functional losses. Thoracoplasty caused a 
result than lobectomy Avhen compared in this fashion, a fact not apparent rom 
the over-all charts of Figs. 2 and 4. The loss after phrenic interruption o 
such Avell-functioning lungs Avas also relatively great. Extrapleural 
thorax caused the smallest decrease of Autal capacity and resulted in a sm 
gain of maximum breathing capacity. . , 

Individual Cases .—One of the difficulties in the physiologic evaluation^o^ 
any particular type of surgical procedure is the estimation of the effect on 
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iinopopatcd lung. A measured decrease in maximum breathing capacity or 
residual air, for example, may l>c due to the effect of collapse of tlie operated 
lung alone, it may lie due to las.s of function of both lungs, and it may be tlic 
end result of a combination of loss of function on the operated side and com- 


Flp. € (Patient No. H»16).—Preoporntlvo nnd poatopcratlve ixMteroanterlor roentecnosraras 

of the chest. 
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7 (Patient No. 14-16).—Bronchosplrometrlc tracings from left to right: before 
operation, after right extrapleural pneumothorax, and after bilateral extrapleural pneumothorox- 
Upper tracing: rfght long. 
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pensatory gain on the other side. In the present series there were two patients 
on whom bilateral extrapleural pneumothorax was performed (Case 10-11 and 
Case 14-15); two patients where the contralateral lung was almost functionless 
(Cases 8 and 9); and last, one operation was perfomed on a remaining hmg 
three years after contralateral pneumonectomy. No compensatory changes 
could occur here and the unique opportimity presented itself for study of the 
physiologic effect of the operation. 

Fig. 6 shows the posteroanterior roentgenogram of the chest of patient 
No. 14-15 before and after bilateral extrapleural pneumothorax. Fig. 7 shoivs 
the bronchospirogram of the same patient before operation, after left extra¬ 
pleural, and after both operations. The shift of fimction to the imoperated 
lung, unlike that after any other collapse procedure, here was hardly perceptible. 


TOTAL CAPACITY AND SUBDIVISIONS BEFORE 
, AND AFTER EXTRAPLEURAL PNTHX. 

LITER pn 
SdoL 


40 


3.0 


zo\ 


LO 



CcssNalOBD Case Na 14 8 15 

BBoteral BBateral 

Extrapleural Exropletral 


Cose Na7 Cose Na8 

Controlalerol CoifrolaleraJ 

Pneunxjiecloff^f 90 * Pntlix. 


1 Predicted Nonral 

2 Before 

3 After Rx. 
Conptemenliil Air 

03 Vbcd Capodty 
m Reserve Air 
H Residual Air 


Fig. S. 


(■')• preoperative (2) and postoperative (2) pulmonarj' total 
subdivisions. Prom left to rlfrht: Patients No. 10-11, No. 14-15, No. 7. and rio. s. 


and 


Fig. 8, section 2, shows the predicted total capacity and the determined values 
before and after both operations. The total capacity before operation^ was 
nearly noi-mal but slight pulmonary emphysema w^as present. The ratio o 
100 X EA/TC was 32, larger than the normal ratio of 24."’^ The decrease in t e 
total capacity after operation was chiefly due to loss of functional residual air. 

Total capacities before and after the other bilateral extrapleural pneumo 
thoi*ax in Case 10-11 are illustrated in Fig. 8, column 1. This patient s pos 
operative chest roentgenogram is included in Fig. 13. Physiologic changes o 
lung volimies were much the same as in the previous case. The imtia oa 
capacity was somewhat more reduced and again reduction after both opeiations 
was chiefly due to decrease of residual and reseiwe ail’s. 
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Patient No. 8 (Fig. 8, column 4) «hows n surprisingly large total capacity 
in \-ioiv ot tlic fact that one of the patient’s lungs was almost completely 
destroyed. Changes in the .sul)divisions of the total capacity were again much 
the same ns in the preAUous en.ses, only here thei-e was no reduction whatcA’cr 
ot complementary air. The i)03topernth'e residual air Tolumes for the three 
cases of 625, 415, and 480 e.e., respectively, are, to our knowledge, the lowest 
values ever recorded. 



riff. 8 (Patient No. 7).—Preopemtive anrt poJtope^atl^e poet.?rDantorior roentffenogranie of 

the chest. 

The patient (Case 7) whose pre- and ])o3loperative roentgenograms of the 
chest are recorded in Fig. 9 had had a left pneumonectomy three years prior 
to study ivith an operative spread to the contralateral ape.x. An oleothorax 
was induced on the left and the patient carried pneumoperitoneum for two 
years in an attempt to collapse a small right apical cavity and to control 
intermittent hcmoptyscs. A right extrapleural pneumonolysis ivith medias¬ 
tinal dissection to the azygos vein was carried out eight months ago by one of 
ns (.T. AV. S.) wdth sputum conversion. Gastric washings after suitable rvalk- 
mg exercises have all been negative. This patient’s maximum breathing 
capacity decreased from 65 to 66 liters per minute although from the appear¬ 
ance of the postoperative roentgenogram almost one-half the remaining lung 
appears collapsed. Since the exercise progi-am was started, the patient has 
noted no dyspnea after rapid level walks and after climbing two flights of 
Btairs. Her initial total capacity rvas one-half of normal (Fig. 8, column 3) 
with slight emphysema (100 x EA/TC:35). Again the complementary air re¬ 
mained almost unchanged and the residual air decreased from 720 to 200 
[«c] c.c. 

The last patient (Case 9) had a right ten-rib thoracoplasty several years 
’'80 (Fig. 10). Left apical cavitary disease Avns complicated by advanced 
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pulmonary empliysema (100 x KA/TC;47) and he was slightly dyspneie even 
at rest. A small extrajileui-al pneunionolysis was performed in another in¬ 
stitution.^ Preoiierative and postoperative bronchospirograms (Fig. 11) show 
no change in relative oxygen eon.suinption. The patient’s pulmonar}^ mixing 
problem was improved since the 100 x RA/TC decreased from 47 to 37 and 
the complementary air was actually increased after operation beeau.se the 
residual air decreased more than the vital capacity. 



Group 3 

All three patients in this group had very Inmted per cent 

before operation (Tables I and 11). Two of the three ^jH). 
of the total function on the side under 

One of them (C’ase 27) had had a , side and the other 

an unexiiandable pneumothorax lung H ^^„ses the pleura 

(Case 28) had an old four-rili hemopnenmothorax 

was accidentally opened at operation assiduous and re- 

persisted for over fourteen days after opera ion ^ f entirely 

p ated aspirations. The Postoperative funetiona pic uie^^^ 

dSerent from patients of Group 1 The ^per cent. The 

Fig. 

_ T)r. Francis Woods. 

^amUrldBe Sanatorium, ur 
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capacity and maximum brentliing capacity fourteen days after operation were 
14 and 4 per cent, respectively. In 4 coses where the pleura was opened but 
intrapleural pneumothorax Avas avoided by intrapleural catheter drainage and 
unden\'ater seal these losses were 23 and 14 per cent, respcctn;ely, while in the 
3 cases just discussed the losses were 58 and 49 per cent. 



Elff. 11 (Pntlcnt No. 0),—Prcoporatlve and poatoporatlve broncho«plrometr!c tracings. Upper 
tracing: right lung. 


DISCUSSION 

The aim of collapse therapy is to provide maximal collapse for diseased 
tissue with as little interference os possible Avith pliysiologic function of healthy 
inag tissue. Extrapleural pneumothorax conforms more closely to these aims 
than any other form of collapse therapy. There is minimal interference Avith 
ventilatory function os expressed by postoperative maximum breathing capacity. 
Collapse takes place almost exclusively at the expense of functional residual air. 

It now remains to discuss tlie reasons for these striking functional end re¬ 
sults. PolloAving most forms of resection or collapse therapy losses of pulmonarj’ 
function are encountered which are not due to collape per se but arc due to a 
variety of imdesirable physiologic alterations of the function of the chest wall, 
the diaphragm and mediastinum, and the pleura. Table IV presents an attempt 
fit summarization of these effects for various types of collapse procedures. 
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and parietal fixation 
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A number of factors arc at play during the immediate postoperative period 
which arc rcfli>onsi])]c for a greater pulmonarj" insufficiency as measured fourteen 
days after operation than six montlia after operation. These factors are chiefly 
pain duo to interruption or traumatization of intercostal and other nerves, and 
paradoxical motion of the deeostalized jmrtion of the chest wall. Both of these 
factors are cliiefly responsible for the gi*eat loss of function seen fourteen days 
after thoracoplasty (Pig, 1). 'Whether actual paradoxical motion of the air from 
one lung to the other (Pcndelluft) also occure with staged tlioracoplasty is a 
matter of considcrnhlc debate. Subcostal, cxtrapcriosteal plombago presents one 
of the many attempts of avoiding j)aradox seen after stmidard thoracoplasty. 


ljoss of function w days after 
extrapleural PNEUMONOCrSJS 


W| 


Reura Not Reuro Opened Pfeuro Opened 
Opened No hfropeiffti fntropteural 
Pneifn ot w m FYeurnothonn 



E^crtt*y Cepody V1W Cvocitjr 


IL—Per cent IcMa of maximum breathing capacity and vital capacity 14 d^*a after 
^n^pleural pneumothorax. From left to right: ti patlenta In whom pleura was not opened 
OTrlng operation, 4 patlenU In whom pleura wa* opened but Intrapleural pnonmothorai wnJ 
avowed, and 8 patlcnta in whom pleura waa opened rcsulllng In marked bemopneumothorax. 


In our experience this purpose is only partially accomplished. Pain after extra¬ 
pleural pneumonolysis is usually minimal. Only a small segment of rib is re¬ 
moved, the intercostal nerve is left intact and the use of retractors and rib 
spreaders is avoided, llediastinal swing after thoracoplasty is part of the 
paradox syndrome and is to some extent responsible for impaired function of 
^Ih lungs. Its role after phrenic interruption has been previously discussed 
by one of us (E. A. Q.). Suffice it to say hero that the mediastinum can saving 
^mfflciently under certain conditions to cause noiTnal ventilation of a lung which 
IS not othenvisc caused to move either by the hemidiphragm or the thoracic 
rib cage.** 
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There are a ininiber of factors otlier than collapse responsible for persistent 
loss of function during the entire period the collapse is maintained (Table I?) 
The most important of these is interference with the intrapleural pressure 
mechanism. As long as the intrapleural space is merely a “potential” one, the 
surface of the lung must follow completely evcr>^ motion of the diaphragm'and 
rib cage. If only a small rim of intrapleural pneumothorax is created, a damp¬ 
ing effect occurs which can he w'cll visualized on fluoroscopy. The lung still 
follows the motion of the thoracic cage but only in a general way, its margin 
or surface moves less than the chest wall. An additional deleterious effect on 
the contralateral lung no doubt takes place due to mediastinal mving and 
altered intrathoracic pressiu-e relation.shijis. The end result of all these physio¬ 
logic alterations on function can be seen not only from the various charts of 
comparative fimctional lo.ss presented (Figs. 2 to 5), but are also evident from 
the changes which take place after uncom])licated extrapleural pneumothorax 
and after extrapleural pneumonoly.sis complicated by accidental intrapleural 
hemopneumothorax (Pig. 12). 


Destniction of a portion of the thoracic cage, as encountered in thoraco¬ 
plasty or extraperiosteal plomhagc, is deleterious to pulmonarj^ function from 
three different aspects. The motion of the rib cage on the operated side is 
destroyed to a great extent even if the lowei' six or seven ribs are left intact, 


iieeause the oi’derly sequence of the nervous mechanism of respiration is inter¬ 
rupted. The leaf of the diaphragm on the operated side becomes less efficient in 
its function .since its full relaxation on expiration is ordinarily aided by a 
simultaneous contraction of the chest wall which exerts an infolding effect on 


the diaphragm.-^ A reduction in range of motion of the hemidiapliragm after 
thoracoiflasl.v is always noted on po.stoperative fluoroscopy.^' The third effect 
of a partially destroyed thoracic cage Avas recently pointed out by Cournand 
and a.ssociatas,"® The scoliosis due to thoracoplasty places the contralatera 
lung also at a relath'c mechanical disadvantage. Loss of diaphragmatic 
motion after pneumoperitoneum is never complete but occasionally quite 
marked. A decreased extent of motion is frequently found after lobectomy 
and after pneumothorax if the latter is complicated by hydrothoiax. om 
pensatory emphysema” of the remaining lobes after lobectomy an o 
contralateral lung after pneumonectomy may play a role in the loss o^ unc 
tion, particular]}’- the respiratory component. This factor has een inves 
gated for some years but a final ansAver to the problem is still to come. 

Pi’om a comparison of the vertical columns of Table IV it is ^ j 

the physiologic disturbances enumerated previously invo ve ex 
pneumothorax to a lesser extent than any other form of l esec ” 
Lcedure used in the treatment of pntaonory tuberculosis. Rs- fo 
To foperative roentgenograms of the chest 

Lpirotory and expiratory position. “te “to 

eatre motion is Avell illustrated. The extrapleuial a P 
;Ssure acts as a semisolid body Avhich 
thoracic cage to the partiaUy collapsed lung Avuth t e 



13.—Po#teroanterlor roentrenorram* of the cheat on deep ^iplratlon O^t) and 
«*Plratlon (right). PatienU No. 10-11 (top of page), No. IS (middle of page), and 
*'0* 3B (bottom of page). 
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air excliange remains unchanged and the extrapleural space is in effect sab. 
tracted from the residual ah- on expiration. The lungs in full expiration are 
almost devoid of air and in the roentgenogram have an almost atelectatic 
appearance. The floor of the extrapleural space can be seen to move several 
interspaces. This is best visualized on a kjmiogram.® 

The authois are fully cognizant that the factors "which place extrapleural 
pneumothorax in a favorable light funetionall}" are the very factors which do 
not permit the desirable ])ulmonary “re.st” in the sense of functional elimina; 
tion. 

Without entering the eontvoversy concerning the indications for extra¬ 
pleural pneumothorax, the data presented suggest that this operation can be 
carried out with the certain knowdedge tliat the resulting loss of pulmonary 
function will be very small or nonexistent. The operation can, therefore, be 
offered to a numlier of patients whose pulmonaiy reserve would not permit 
any othei- typo of collapse therap 3 ^ It is our hope that during the present 
re-evaluation of extraiileural pneumothorax both as a definitive procedure 
and as a preliminary to thoracopla.st,y these studies will aid in placing this 
operation in its proper light. 

Although one cannot be other than enthusiastic solely on the basis of the 
comparativelj' favorable functional response to extrapleural pneumothorax, 
it is recognized that this ))rocedure in itself is not a substitute at the present 
time for man.v of the jiroved collapse measures. Much time must elapse in 
order that op])ortunit.y shall be afforded the natural history of pulmonary 
tuberculosis to bring the end results into their proper pei-spective as it always 
has in any-' procedure which has been u.sed to alter the course of any disease. 

Hou'ever, if the jiassage of time should show- that single-stage extraplemal 
pneumothorax, freed of its complications by the use of biotherapeutic agents, 
oflfei-s at least as much to the patient as modern multiple stage thoracoplasty 
without comparable loss of function and deformity, the operation may we 
find its place as a leading contender in the choice of procedures. 


SUJIMARY 

1. Lo.ss of pulmonary function was studied by maximum breathing 
capacity, vital capacity^, residual air, ventilation on exercise, bieathmg 
serve, and bronehospiroraetry before operation and fourteen days an s 
months after operation of exti-apleural pneumothorax on 30 occasions on 


patients. .,^2 

2. The loss fourteen daj-s after operation was 18 per cen or 
canacity and 5 per cent for maximum breathing capacity, ® ' 

operation was 12 per eent lor 
cnin of 2 ner cent for maximum breathing capacity. In 3 p 
wafopened at operation rvith a 
thorax the losses fourteen days after operation were 5 p 
capacity .and 49 per cent for maximum breathing capacity. 
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3, Brondvospiromotric studies bcfoi'c operation showed an average function 
of 56 per cent of the total for the side to he operated upon since 83 per cent 
of the patients had contralateral collapse therapy or cn^dtary disease before 
operation. After operation there was n 5 per cent shift of oxygen tiptake 
and all 8 per cent shift of ventilation and \'ital capacity to the contralateral 
lung. 

4. Ijos.s of function after extrapleural pneumothorax was compared to 
losses which occured after 121 thoracoplasties, 24 pneumonectomies, 20 lobec¬ 
tomies, 36 intrapleural pnoumothoraces, and 9 phrenic interruptions. Both 
the total lassos as cnicuinted from innxiiniim breathing capacity and vital 
capacity and the shift of function ns calculated from bronchospirometry were 
smaller after extrapleural pneumothorax than for any other collapse procedure 
or resection 8tudie<L This was even more e\ddent when operative losses were 
compared ns pci'formed on lungs unth the same extent of preoperative function 
as determined by bronchospirometry. 

6, Decren.se of total pulmonary capacity after extrapleural pneumothorax 
took place chieflj' at the expense of functional residual air. 

6. Causes of loss of function other than that due to collapse for various 
operative procedures are discussed. 

The authom take plonjure Id ncknovlcUging their in.lohteilnpM to Dorothy M. 
Donnelly for her techniraf oMistonco. 
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DISCUSSION 


DR. VIKING OLOV BJiiRK, Stockholm, Sweden.—In the beginning of 1930, broncho- 
spirometry was introduced by Jacobneus, Frencknor, and Bjorknian. Since then the mam 
difficulty has been to obtain large enougli inner diameter of the tubes to prevent stenotic 
breathing and achieve reliable values. Pulmonary function studies at the Sabbatsberg Hospi¬ 
tal in Stockholm have therefore been of practical value only since Carlens designed his double- 


lumen catheter. 

(Slide.) You see the double-lumen catheter in place; it is provided ivith a small h(»k 
that is automatically engaged by the enrinn. This rubber hook is tied down to the cat e er 
i\-ith n silk thread until it has been passed through the larynx, when the slipknot is ^ ® 
Wlien the catheter is pushed down it automatically enters the left main bronchus. If m ™ 
easy to feel when the hook is engaged by the enrina. Neither fluoroscopy nor bronc oscop 
is necessary. Then the cuffs arc inflated. The liook and the two rubber cuffs 
the catheter in the correct position. It cannot occludo the left upper lobe bronchus. m i 
diameter is 7 mni. so that no stenosis is produced. Thus, the same value of the tot cap 
and its different fraction.s, both at rest and during exercise tests, are obtaine n 
values from the two lungs using the double-lumen catheter are added, ns compare 
values obtained in the usual way with a mouthpiece. Also, the values of maximum 


capacity are the same witli the tube in place ns without the tube. 

It is as easy to introduce this catheter as an ordinary intratracheal tube for anw 
and it is now being used in the Crafoord Clinic as an ordinary anesthesia u e 

risk of spillover during operation. lobe for an 

(Slide.) This shows one lung anesthesia during lobectomy of a rig upp 
abscess. Continuous suction is applied. 

(Slide.) When the bronchus is dissected and clamped, the res o face-down 

,.c«d .plrop.l»to, „„a V»in.,rf. Thi. p..th.a i. p™<™4 “■ 


position. 
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DR. 8TRIEDER (closing).—I would simplj’ like to say, in view of some comment in the 
corridors relatiro to oxtrapleuml pneumothorax, that wo do not propose it, as has been ad¬ 
vocated in the past, ns an operative panacea for tuberculosis. As Dr. Qaonsler indicated, 
hoTCTer, it is an operation which enn bo done when other operations cannot be done, and 
certainly in the cxporienco of us all there are many sneh cases where the borderline residual 
function is such that a major procedure would certainly tip the patient over and make him 
a retpirntory cripple, If he survived. 

(Slide.) I would like briefly to show two such cases. The first is a 24-year-old white 
man who had pneumoperitoneum and bilateral cavitary disease for four years. The pneumo¬ 
peritoneum was held until the second stage of bUatornl extrapleural pneumothorax was com- 
pkted- 

(8Ude.) This shows function studies before and after the right side, and ofter both 
sides, with a loss of some 7 liters of maximum breathing capacity. AHtal capacity dropped 
from 3.2 to 2.4 liters, and breathing residual dropping only one per cent 

(BUdo.) The second patient is a 24-j*var-oUl girl who had a total pneumoneetoray on the 
left for a destroyed lung, some three years prior to her extrapleural pneomothorax. In the 
ensuing years she had dc\-eloped the apical cavity which you see on tho right and had inter¬ 
mittent hemoptysis with positive sputum. 8he also had a tuberculous empyema on the left 
which apparently had Inmn -controlled over the three-year period with oleothorax. 

(Slide.) Tlie maximum breathing capacity, l>eforo extroplpurol pneumothorax, was 65 
liters per minute, and it dropped only 9 liters, to 50, after extrapleural pneumothorax. Tho 
hTcathlng reserve dropped from 68 cent to 02 per cent and, believo it or not, tesidnal air was 
only 200 tJt, This girl is not dyspncic on mild physiologic exercise; she is walking comfortably 
on the level. 
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' I ’HROUGH tlie increasing use of routine roentgen examinations of the chest. 

1 many solitary pulmonary masses have lieen discovered. Tliese include both 
malignant and benign lesions. Tuberculomas represent the largest single group 
of these benign lesions. Tuberculosis of this type is rather loosely classified in 
the literature. There has been no complete .statement elarifjdng the pathogenesis 
of this luberculous process. Certainly no .single explanation is adequate for 
all cases, and in any series the pathogene.sis will vary from case to ease. 

Extrapulmonary tuberculomas hav6 been adequately described. There 
have been, however, some inaccuracies in the use of the term, pulmonary tubercu¬ 
loma. A tubereuloma is merely a tumorlike granuloma caused by the tubei’cle 
bacillus, encapsulated by connective tissue, and showing no eridence of sur¬ 
rounding inflammation or spread. These “tumoi’s” may be completely or 
partially calcified, and may have many scattered caseating areas within the 
mass. They are usually oval or round in shape, and may vary from the size of 
a bean to the size of an orange, or larger. The term inhercnlonia should probably 
be restricted to the tuberculous granuloma having a diameter of at least 2 cm. 
This is admittedly an arbitrary clas.sification, but it serves to prevent further 
confusion in the literature as to the use of the term. 

We believe that a pulmonary tuberculoma may arise in several ways:’* 


(1) the encapsulation of a giant primai-y focus—^tliis focus may occur at any 
age; (2) the encapsulation of a restricted reinfection focus of tuberculosis that 
has a tendency toward rapid regression, and that becomes homogeneous; (3) the 
completely blocked tuberculous caMty Arith resultant inspissation of caseous 
material, fibrosis, calcification, and shrinkage of the occluded caMty; this cavitj 
may occur in the reinfection focus, and rarely in the Ghon focus. 

Many theories ha^m been advanced describing the mechanism responsib e 
for the closure of tuberculous caMties, and undoubtedly cavities heal by different 
mechanisms. Coryllos has drawn attention to the closure of tuberculous cavities 
by means of bronchial occlusion. Auerbach and Green presented four cases m 
which closure and healing of tuberculous cavities occurred by bronchia oc 
elusion. Loesch, in 1944, presented a detailed pathologic description of comp e 
closure of cavities, and his pathologic findings are in close accord mti o 
r>f Porvllos. The occlusion of a stem bronchus to a cavity may res m 
fonnalion of a tuberculoma. The bronchi which are tributaiy to t e rami ^ 

Vrom the Department of Roentgenology, Buffalo General Hospital and the Departn 
M... Roswell Park Memorial institute. mr Thoracic Sur- 

DcnNcr, v,<di •* 
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cavities are almost always involved by the tuberculons process to varying degrees 
of severity. This tuberculous process in the bronchi produces mechanical 
changes, chiefly narrowing or complete occlusion of the lumen. With a patent 
unnarrowed bronchus, there is a free passage of air to and from the cavitj' on 
respiration. As is well known, tension cavities often fonn with incomplete 
bronchostenosis. AVith complete occlusion of the bronchus there is gradual 
absorption of air within the cavity, and ntcleeta.sis in the area of lung supplied 
by the bronchus. The anoxemia of the atelnctatic hmg which suppresses venti¬ 
lation and circulation will cause fibrosis. Kvcntually the wall of the cavity will 
he completely replaced by a fibrous tissue. The cavity may now fill in with 
caseous material, and be visible on the roentgenogram ns a solitary circumscribed 
shadow. The fate of the erstwhile cavity is now uncertain. Pinner stated: 
"Cavities that become blocked by bronchial ocelasion may sometimes, after long 
periods of blockage, rcoi)en and produce bncillifcrous sputum and intrabronchial 
dissemination.” He presented roentgenograms of a ca.se illustrating the re- 
oi)cning of a tuberculous cavity. On the other hnml, regressive changes may 
occur, the caseous material becoming inspissated and perhaps calcified. Actual 
bone formation has Ivccn described in tuberculomas. Cn.se 1 illustrates the 
method by which a brouchinl communicating cavity becomes a solid tumor, most 
likely by'means of a bronchial occlusion. 

This paper is primarily concerned vrith tul>erculomiis within the pulmonary 
parenchyma; however, tuberculomas may occur within tiie mediastinum. The 
formation of a mediastinal tuberculoma is due to a caseating process in the 
mediastinal lymph nodes. Six cases of moliitstinul tubereidoma have been 
reported in the literature.'*’ ”■Case 10, in the opinion of the operating 
surgeon, was a nlediastinal tuberculoma, although patliologie evidence is lacking. 
Cn.se 12 fits all the criteria for a diagnosis of mediiLstinnl tuberculoma. 

Tuberculomas have been dcscril>cd as occurring in the central nervous system, 
brain, orbit, middle ear, breast, stomach, nasal Rei)tum, paranasal sinuses, and 
abdominal wall and lungs. Tuberculomas of the pulmonary fields are not infre¬ 
quent. In 1931, Albert described round foci which he believed represented 
encapsulated tuberculous lesions. In 1932, Straub observed eight cases of single 
and multiple round tuberculous foci. He observed that some of these would 
undergo changes only after a long period of time. Klein and Wolff, in 1934, 
added six more cases to the literature, five of which showed inactivity’ of the 
round foci after one or two y'ears. One case which came to autopsy icvealed 
a lesion which had remained stationary for about six months, only to break 
down and be the cause of a spreading exudative tuberculosis. At autopsy the 
aharacterlstie lesion consisted of a chalky caseous substance encircled by more 
centrally deposited loose connective tissue and a peripheral dense hyaline 
connective tissue capsule. Birkclo and Kasper, in 1939, described the radio- 
graphic appearance and progress of the circular lesions of tulmrcidosis. JIany 
of these lesions were stable and could bo classified as tuberculomas, ilaurer- 
^laat and Franklin, in 1941, reported a case of tuberculoma, and stated that 
there were only two cases of similar nature reporied in the literature. How^ 
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ever, many of the solitaiy round foci of tuberculosis described in the hterature 
pre\dous to tliis report were undoubtedly tuberculomas. Jones and DoUey, and 
Dieffenbaeh, in 1940, each reported a case of tuberculoma for which a total 
pneumonectomy had been done because of a mistaken diagnosis of bronchiogenic 
^rcinoma. Since that time many tuberculomas have been described, notably 
in the surgical litei-ature."- Surgery, in many of these cases, was under¬ 

taken with a mistaken diagnosis of lung tumor. Mahon and his associates had 
in their series 35 patients treated by pulmonary resection, either lobectomy or 
wedge-shaped excision for tuberculoma. 

The roentgenogi'aphie diagnosis of solitary shadows within the lung fields 
is frequently extremely difficult. While the roentgenographic visualization of 
the chest is invaluable for demonstrating the presence of a le.sion, it cannot 
ahvays be relied upon for an adequate differentiation. It is bejmnd the intent 
and scope of this paper to describe the complete roentgenologic findings of 
various tumoi-s found witliin the lung fields. 

The differential diagnosis of circumscribed solitary shadows within the hmg 
fields must always include both primaiy and secondary neoplasms, tuberculomas, 
encapsulated effusions, cysts, abscesses, localized ai’eas of pneumonitis, hamar¬ 
toma of the lung, arteriovenous aneurysms, and other more rare lesions. Oc¬ 
casionally a neoplasm in the mediastiixum vill be draA\m out into the lung fields 
by negative intrathoracic pressure. These tumors are usually benign, because 
malignant mediastinal tumor's are fi.xed and remain within the mediastinum. 
Many of these lesions are uncommon, and other's can be excluded by special 


x-ray teclmiques. 

The solitary circumscribed shadow of the tuberculoma is readily confused 
with the peripheral type of pulmonary carcinoma. The two lesions, liorveTer, 
maj’’ oecasionalty be readily differentiated. Tire presence of calcification, to our 
knowledge, has never been observed roentgenographieally within primary mahg- 
nant tumors. The type of calcification seen radiogr'aphicaUy in tuberculomas 
is variable. A tuberculoma may be so completely calcified that it resembles a 
giant mulber^ 3 ^ The calcification may be arranged as a single concentric ring 
at the periphery’- of the tumor, or in the form of multiple concentric rmgs. 
There may’ be discrete scattered areas of calcification throughout the tumor. 
Calcification which is not seen in ordinary’ projections of the chest may e 
tysualized by’ tomographic studies. Other radiographic features whic 
the diagnosis of tuberculoma are multiple areas of diminished density t roug 
out the tuberculoma which r-epresent areas of caseation and adjacent ° 
calcification and fibrosis. The tuberculoma is oval, r-ound, or ^obu ate , a 
regular in outline. Rarely there may be multiple tuberculomas. Tu ercu o 
are often seen which are homogeneous in density, and do not con m 
calcium. It will occasionally be noticed that this type of ^ 

ige when observed over a short period o* time, 

tuberculomas which cannot be differentiated roentgenographieally 

ogenic carcinoma of the peripheral ty’pe. contour and lie 

A broncHogenic carcinoma may have a smooth, lou d 
in the pei-ipheral lung fields. It may have a homogeneous density. 
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have areas of diminished density from breakdonm throughont the tnmor. This 
type of bronchiogcnic tumor nppnrcntl}' tends to grow by expansion ratiier than 
infiltration. Ilowovor, it lins ijeen our experience that primary peripheral 
neoplasms in most instances show definite roentgen evidences of infiltration 
bej'ond tlic main mass of density. Completely encapsulated, noninflltrative 
priraarj' neoplasms arc extremely rare ns compared mth tuherculomas and 
other Ijcnign lesions. 

Tumors of the prostate, testicle, and kidney tend to metastasize to the 
lungs, and occasionally appear ns solitary circumscribed lesions within the lung 
fields. Usually, however, within a few weeks mnltiple nodules appear in the 
lung fields and simplify the diagnosis. Thornton, Adams, and Bloch state that, 
although they sec thirty multiple metastatic tumors per year, they have seen 
only three solitarj* mctaatascs in ten years. There is no way of differentiating 
the slowly-growing metastatic lesion from a bronchiogenic carcinoma, except 
to search for a primarj* lesion. Rarely, multiple tnijcrcTdomas may occur in tlie 
lung fields and be mistaken for mctastascs to the lung. Dahl-Iversou and 
Slftller reported a case in which two tuberculomas were present wdthin the 
pulmonarj' parenclijuna in the lower right lobe, one posterior and one anterior. 
We have scon one case in which two tubercnlomas wore present, for which 
lobectomy was done. Fortunately, these lesions were calcified, and a diagnosis 
of tuberculoma was made preopcrativcly. Wo have also seen another case in 
which a radiographic diagnosis of double tuberculoma was made. However, tliis 
esse did not come to operation. 

The greatest percentage of solitary peripheral masses, both with and with¬ 
out surrounding infiltration, will prove to he carcinoma of the peripheral type, 
which type constitutes approximately 25 per cent of all primary limg tumors. 
Thornton, Adams, and Bloch presented twcnty-thivc cases of solitary “circum- 
Knbcd tumors” which had heen observed at the University of Chicago clinics 
in a ten-year period. Seventeen of these were malignant lung tumors, fourteen 
primary, three were metastatic. Six were licnign, one hemangioma, four 
tuberculomas, one a chronic lung abscess. Since the majority of the solitary 
peripheral tumors are duo to malignant disease, we must consider every lesion 
of this tj-pc malignant until proved otherwise, or we shall continue to fall into 
the errors of the past. Patients with bronchiogenic carcinoma are occasionally 
admitted to tuberculosis sanatoriums and the malignant process is far advanced 
liefore the correct diagnosis Ls made. Pillsbury and Wassersug reported on ten 
patients who were admitted to a tuberculosis sanatorium in a ten-year period, 
who Were later proved to have had bronchiogenic carcinoma. 

It is our belief that a more extensive and complete roentgenologic study 
Would result in an almost absolute roentgen diagnosis of malignant neoplasm 
>n many instances, for which immediate definitive therapy could he carried out. 

The problem of deciding the best treatment for a patient who has been 
Inferred to a surgeon, with an nsj-mptomatic, solitary, weU-circumscrihed mass 
■P the lung field, is not alwaj-s an easy one, and every weapon in our diagnostic 
Prfflamentarium must be utilized. The patient should be fiuoroscoped and 
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roentgenograms taken. Tomography may he of value in demonstrating areas 
of calcification. Efforts .should he made by the medical consultant to rule out 
primary neoplastic disea.se of otlier organs, partieularly Iddney, prostate or 
testicle. ’ 


Bronchoscopy may have been completed vathout gaining further infor¬ 
mation or help, particularly u-hen the tumor is inaccessible to the bronehoscope, 
as in a tumor located in a peripheral bronchus. Secretions obtained broncho^ 
scopically and stained by the Papanicolaou technique may result in a high per¬ 
centage of positive diagnoses. Herbut and Clerf reported thirty cases of 
primary pulmonaiy carcinoma in which the bronchial secretions were stained by 
the Papanicolaou technique. Cancer cells were demonstrated in twenty-tvo 
cases, or 73 per cent. Studies done on these bronchial secretions may result 
in the demonstration of tubercle bacilli. A tuberculin test should always be 
done. If enlarged peri])heral nodes arc detected, they should be biopsied. Intra¬ 
pleural fluid, if present, should be aspirated and cytologic studies carried out. 

Tuberculomas in the ])ulmonary fields may be classified roentgenographically 
into two general groups. This grouping is important because it will be of great 
value in determining the activity of the lesion, and will indicate the necessity 
and the urgency of surgery. 

The first group is tuhcratlomas withont calcification. These tumors may 
be homogeneous in density, or may show one or more central areas of diminished 
density. Sputum studies may be negative or positive for tubercle bacilli. Some 
of these cases, through mismanagement, may have been followed for periods of 
six months or more without roentgenograifiiic change in the size or character 
of the lesion. These tuberculomas constitute a threat to the continued well¬ 
being of the patient, because of the danger of imminent spread of the tuberculous 
process to the surrounding lung tissues. Case 2 illustrates the spread of a 
tuberculous process which could have been prevented by the early surgical 
extirpation of the tuberculoma. It must be noted in cases "with a peripheral 
lesion of this type that the possibility of a bronchiogeuic carcinoma has not been 
definitely’- ruled out, although there has been no roentgenographic progression 
of the lesion. It is for these I’casons that immediate surgery should be recom 
mended for the solitaiy round tumor wuthout calcification, -with or -without areas 


of central breakdowm. , 

The second group is tuhcrculomas with calcification. This group may e 
further divided into subgroups, depending on whether or not they contain cen ra 
areas of breakdo-wn. The calcified tuberculomas with radiographic areas o 
central radiolucency’ may^ be the focus of a spreading tuberculous proce^, an 
surgeiy may- be recommended for these cases. Asymiptomatic patien s w o 
demonstrate wmll-calcified tuberculomas in the lung fields, without centra are 
of radiolucency and with negative sputa, are in little or no danger o 
a spread of this tuberculous process, so surgeiy is not recommen ^ ’ ' 

the patient is followed for long periods of time by serial 
fact, surgical intervention may be the cause of tPe removal 

7 illustrates some of the complications which may occiii folio 


of a calcified tuberculoma. 
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CASE REPORTS 

Case 1.—If. A. n 74-ycar-oltl vromnu who had numeroas boapital admiaaloiiB for 
bronclilal asthma during the past fifteen years. She lind low-grnde temperature ond a 
prodQctlvc cough, occasionally with blood-streaked sputum, duilug these asthmatic episodes. 
She had masriv© hemoptysui in lOI.I, and again in April, 1P4S. 

In April, 1M2, radiographic examination of tlio dorsal spine showed a sharply demarcated 
cystic area in the right upper lobe, posteriorly. Tliis cystic area measured 7 by 5 by 0 cm. 
Id August, 1043, roontgenogmphie examination of the chest at the bedside showed a triangular 
area of density extending outward from the upper right hilar area, with gradually diminishing 
density at the poripherr of tho cliost. This change was licVieved to bo due to infection sur¬ 
rounding and obliterating tho cystic lesion. One week hitor there was some surrounding 
pneumonitis, and the eystic nature of the lesion was again recognizable. Re-examination at 
the bedside in October, 1943, showed no npprcciablo change in tho lesion. The next exami- 
Mtion was in June, 1947, and there was now a rounded density in tho area where the cyT*! 
was pre\‘iou8ly noted. Tlicre was no apprcclnblo surrounding inflammatory reaction in the 
pulmonary tissue. In April, 194S, the cysUc area was almost completely filled by dense 
material. Tho only nemto<l portion of tho cystic area which remained was superiorly and 
posteriorly. The lesion was sharply demarcated and shox^Cil no surrounding infiltration, with 
DO demonstnblo calcification. Tlio last roentgeiiograpliic exnraination of the chest, in May, 
1940, showed no appreciable clmnge in this lesion since examination of 1948. 

Sraears, cultures, and guinea pig inoculations were constantly negative for tubercle 
bacilli, Bronchoscoplc examination was not done. 

hxicu^on .—Tliis case illustvatcs one of tho nudliods of tubercnloina for¬ 
mation, and sho\vs the transfomintion of n tension nir-tilled canty to an almost 
solid tnraor. This was probaldr dne to the prognwion from partial to complete 
lironchinl occlusion. 

Case £.—Q. TI., a 32-yenr-old man, was exannned r<>» utg«‘uo.fmiiIiically by a mobile cliest 
tnUt in April, 1940. A large clrcolar area of incrcns».'(l (l*‘n.'*ify nos noted at the level of the 
first interspace and second rib anteriorly on tho right Tlicr?* \ras no cnlcificntion in the 
oTMs, The remainder of tho lung fields appeared dear. The patient had no symptoms or 
pkyricftl findings at that time. Tho diagnosis wa' unilotrruimctl, and interval studiea directed. 

The patient returned to the chest clinic in July, 1!M7, for a repent roentgenogram, which 
shcTwed no change since first examination. The imprvssum at that time was that this lesion 
^ most likely n tuberculoma. In April, 1048, ho complaimvl of weakness and. fatigue. A 
rwntgenogmm of tho chest was made, which showtvl a diffui'e exudative lesion involving 
tte greater portion of the right upper lobe. This had tho appeanince of a moderately ad- 
rxnced pulmonary tuberculosis with cavitation. Rc examination on June £3, 1948, showed 
farther Increase in tho Infiltrative losions in the right upper lol»e. 

Sputum studies showed tubercle bocilll on snaear and culture. The patient was sent 
to L tuberculosis snuatorium. 

iJjJciwnott.—This case demonsti-atcs tho lurking malevolence of pulmonary 
tuberculomM. Tlie possiliility of either n mnlignant tumor or a tuberculoma 
should have been considered. In'a tuberculoma witiiout ealcidcation the danger 
of spread into contiguous Inng tissue cannot be ovor-cmpliosized. A thoracotomy 
sliould have Iwen done in 1946 when this mass was firet discovered. 

Cisr 3.—A. S., a 22-yenr^)lil wliite man, In Febmary, ]910, wna iliffiovere*! to have a 
'•pot on hU lung.” Jle mu hoopitnllicd for about four and one-half mouth* at another 
^Koaon, wiUiout any diange la the sire of Hie shadow. On discharge he had some shortaess 
“t breath and pnln over the lower ribs on tho right anteriorly. In January, 3947, ho developed 
* productive cough, and had blood-streaked sputnm on two occasion... Phi-sical eramlnntion 

essentially nogtttlve. 
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BoQitgenogTapliic examination of the cbest allowed n well-circumKribotl lesion in the 
aplrtJ portion of the right lo^er lobo. This lucnimrod two inclie# in diameter and had an 
area of breakdown in the center. Ko ciUcIficntion was aeon in the maw or in the long fields. 

Direct amears and cnlturca wore iKwitivc for tubercle baellll. Bronchoscopic obserration 
Bhowed the right middle lobe bronchus orifice to be a slit nbout ono-hnlf the usual sire. The 
bronchus was stenoeed below this middle lo\>c orifice. 



Fif. 1 (Case 5).—A, rtoentgenogram In July, 
nffbt apt>er lobe. No calcification or areas of breuk»l‘-\\i. 

B, Roentgenogram on /Vprll 1. 1948, denwnstrot. ! ,i 
irsaler portion of the right upper lobe. 


a circumscribed mass In the 
i -iilil l>e Jemotutratsd In this mass. 
<li<i I't • xudating lesion Invoicing the 
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On the fourteentli hospital day a riglit thoracotomy was done. In tlie lower and middle 
lobes there was a hard, nodular tumor which did not have the consistency of a toalignant 
tumor. The lower and middle lobes were resected. ^ 

This proved pathologically to be a tuberculoma with cavitation and active tuberculons 
granulation tissue in tlie surrounding atelectatic lung. Smears from the central cavity 
showed a large number of tubercle bacilli. 

Dism^sion .—Tliis ease demonstrates a tulterculoma with central captation. 
This tuberculoma was in imminent danger of spread.. Despite the positive 
sputum studies and because of llie lack of calcification within the tumor mass, 
the possibility of a bronchiogcnic eareinoma with central breakdown w'as never 
excluded. In either case, immediate surgeiy w'as the treatment of choice. 

Ca,se 4,—N. S., a 57-year-old white man, wns referred by his physician to n clinic in 
another city because of complaints of parastlic.^ins in both legs. A chest film taken there 
in 1940 wns rend as es.sentinlly negative. This roentgenogram wns reviewed at that clinic in 
January, 104S, and a question was brought up ns to whether there wns n tumor mass in the 
chest, or whether this wns merely n soft lis.suo shadow. 



Fig. 4 (Case 4)—Rocntgcnogi'am dcnionstrates an oval mass In right upp 

calcification or breakdown seen. 


Because of this questionable finding, a radiographic examination of the e es w 
in 1948 which revealed an oval n)a.ss 3% by 3 cm., in the right upper lo e p^o 
mass was homogeneous in density. There was no calcification, nor in 

rndiolucency in this nias-s. The previous roentgenograms of tlic ciicst a no 

1946 were reviewed. The mass in the clie.«t was present at that time, an ic® 
change in the size of the mass in the ensuing sixteen months. •noculafions 

Bronclioscopic observalion wns negative. Cultures and guinea pig mo 
bronclual aspirated secretions were positive for tubercle bacilli. hon-ever, he 

It wns recommended that this patient have an exploratory t lornco , 

refused surgery. 

Discussion. —This lesion is most likely a tubemdoma, and 
which is liable to undergo spread at any time, althongh it 
for years. In ''dew' of the tubercle bacilli in the sputum and 
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cation in the tumor mnsa, definitive surged' should have been done. However, 
the patient refused to have any surgical procedures carried out on his chest. 
It must also bo noted that the time intcn-nl alone does not rule out a primary 
neoplastic process. This patient was seen in Febrnarj*, 1950. Ho was as>Tnp- 
tomatic and the chest film was unchanged. 

Case 5.—A. D., a 62-yenr-nlil Tvhito nmn, waa seen in Januar)', 1949, with a hiatory of 
a weight low of twent.v*flvo poanja in the Inst two years, and a nonprodnetive cough for six 
months. Physical examination was essentially noKittive. 

Roentgenogmphic examination of the chest rorenlcd a solitary rounded moss in tho left 
upper lobe. The outermost border of tbo lesion wna mtlier indistinct, and seemed to inflltmle 
the pulmonary fields, Tliere wns an area of andimlnialied density in this tumor mass. There 
were caddfle areas in the hilar nodes. 

Bronchoscopic observation was negntlvo. Guinea pig inneulntions nnd cultures from 
bronehoscopically obtained secretions wore positive for tubercle bacilli. 

An eiploratOTy thoracotomy wns done in hfnrch, 3fi40, TJiero was a tumor irmas lying 
In the upper lobe, apparently arising from the upper lobe main-stem bronchos. It was 
slightly robbery In consistency, nnd there were no outlying regions of metastasis. After 
stndy of the pathologic report, tlie operating surgeon was not sufficiently convinced that the 
Icfioa was of neoplastic origin, and ho felt that u lobectomy would be a more conservative 
procedure. If a mnligoant tumor was found on dissecting the lol)o, the surgeon then intended 
to proceed with tho pnenraonoctomy. On sectioning the lobe, tlio mass was found to be n 
typical tubercalonta, and therefore tlie lower lobe was lortateJ and the chest wall dosed. 

The tumor proved pathologically to bo a typical difTin^e roseated tuberculoma witli 
dUtlnct fibrous encapsulation and with a corona of opithoiiMid giant-ccll tubercles at the 
periphery. In central portions there wos extensive iiocroi)M»s»s 

Discussion ,—Tho prooporative diagnosis was a pulmonary tuberculoma. 
In view of the positive culture for tubercle bacilli, and tlie ni‘ca of rodiolucency 
in the center of the tumor mass, immediate sui-gory was (ho ti*eatment of choice. 
This patient wns seen in March, 1950. He w;j'< nsymtomalic. No pulmonary 
complications had developed. 

CiSE 6,—0. Q,, a 40-ycar-old white woman, Ii*>'pi(,diied in September, 1948, be 
of a mass found in the chest during a rootino sun*‘y I'V n. mobile chest unit. In 1944, 
this patient had been treated with intracavitary radiuni nt.il ext^'nial radiation for a grade 3 
csrciaoma of the cer^ux, with complete regreasion uiid no te'unence of the lesion. The 
psticnt had no symptoms referable to tho cliest, and pU^sU-iJ ‘'xaxnination was oascntially 
wgitira. 

Roentgen examination of the chest showed n small h^sion, 2 (-‘in. in its greatest diameter, 
In the right lower lobo. There was a calcium deposit mound tko periphery of the lesion. 

was a amall calcific deposit in the sixth intorepace posteriorly on the loft. There were 
“’nltiple areas of calclilciitlon In the hilar glands. This lesion conformed to a roentgonographic 
hapreition of tuberculoma. 

No bacteriologlc studies were done. 

It Was felt by the surgical department tlmt this mass could bo a solitary metastasis or 
* toberculoma. In view of the patient’s excellent health, nnd becaune tlie lesion was in the 
Periphery of the lung, it wns decided to odmlt her for cxplomUon and removal of tlie moss, 
ciploratory thoracotomy was done in Morch, 1949, On entering the chest, a puckered 
wu seen in the right lower lobo. Since this could not lie indcntlfied grwly, It was 
^ded to remove the indurated area. Tliis was sharply dissected out with digital pressure 
the surrounding long parenchyma. 

The removed tumor was 2 cm. in diameter, grayish in coloration, and fairly soft m 
It was a firmly encapsulated, flbroenseons, and extremely chnlky tuberculoma, 
0 tetlve taberenlous granulation tissue was eeen. 
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Ditcuisioii .—Tliore is no doubt tliat tlio preoperntivo diagnosis in tlus case 
should have been tuljcrculoma. Since this lesion was well ealciflcd, and no area 
of radiolucency could bo demonstrated in the tumor mass, it is now felt by this 
gronp that surgery was not indicated in this case. The procedure of choice 
should have been serial roentgenograms at periodic inteiwnls. Patient is at 
present alive and well, and nsj-mptomatic. 

Cabe 7.—A. McG., n 49-ycar-oltl woman, wna ho3pitnli£eU in Jnnoarr, 1946, because of 
n mass found in the pulmonary fields in a routine pre-employment examination of the chest. 
The patient was asymptomatic, and plijiiicnl exanimntton was negative. 

A chest roentgenogram In .Tnnunrj*, 1945. demonstrated the presence of a solitary, 
fircumserlbed, roughly round shadow, 4 cm. in diameter, in the right middle lobe, close to 
tbs hllum. This mass was homogeneous in density. Linear calcification was noted along 
the lower border of the nuu»s; there was also irregular floccolcnt calcification scattered 
throughout the mass. There was cnlciflcatlon in the hilar glanda. 



Pic. 6 (Caw 6)._ A, RoenUtonogram show* a email lesion In the right It^er lobe. IJisre 

Is a caJclum deposit around tho penpherj’ of the lesion. Calcification can bo seen In hilar 
glands and pulmonar>' fields. 

B, Transected Bpecln>en. 


Repeated bronchoscopic studies wore negative. Bacteriologic studies for tubercle 
bacilli and fungi were negative. The patient was followed in the Ont Patient Department 
until December, 1948. During this time there waa no change in the mass. 

On Dec. 12, 1948, when a thoracotomy was performed, a round cream-colored mass waa 
found lying near the liilum of the right lung, half eml)edded in the parenchynm of the 
nfiddle lobe. The mass was removed by sepamting it from the lung tissue. 

The specimen was an encapsulated muss 4 cm. in diameter. On section, the tumor 
yellowieU white in coloration, very firm in consistency, with areas in wlUch there was 
marked deposition of calcium. The tumor raaas appeared to bo largely fibrous, with fibers 
arranged in whorls. In occasional areas tho tissue waa relatively soft in consistency. Tlio 
center of the lesion consisted of a conglomomtion of old calcified and partly ossified tubercles. 
These calcified and ossified areas were separated \ty firmly hyallnited connective tissue which 
had retorbed part of the calcified periphery of these tubercles. Tlie entire surrounding 
*^rea was a firm, fibrous stroma comprising a few thin areas of original alveoli. 
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Fig. 7 (Case 7).—A and B, Postoronntorlor and lateral roentgenograms show a circumscribed mass In the right middle lobe close 
to the hllum. Linear calclllcatlon can he noted In the lower border ot the mass. 

O, Photograph ot enucleated tuberculoma. 
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Tho patient had an unovtontful recovery, and wna discharged Dec. 20, 1948. While 
at home ehe had a sudden onset of nausea, anorexia, shortness of breath on exertion, and on 
Jon. 29, 1949, was nsadmitted. A right side empyoma ^ms discovered, and 300 c.c. of purulent 
material removed by needle from the chest. On Jan. 30, 1949, an open thoracotomy Tvas 
done for dminago of the empyema pocket which extended from the apex down to tho sixth 
rib. Tho empyema cavity was again explored, Feb. 10, 1949, culture of pus from the right 
chart was positive for tubercle bacilli. The patient improved after this. Roentgenograms 
showed the empyema cavity to be gradually decreasing in sire. Despite the presence of a 
definite bronchopleural fistula, the wound was completely healed by Juno, and the patient 
has since been well 

Uwciusion.—This cose jircsented a very difficult problem as to the method 
of treatment Because there tvas only a moderate amount of calcification within 
the mass, a prediction as to the ultimate fate of the tumor could not be made. 
A thoracotomy was done for this reason. According to the criteria for operation, 
outlined later in tliis paper, tlio surgerj' in this case might have been deferred 
and observation continued. 



Fic. 8 (Case 8).—A and B. Roentsenocram show* a •Inyular circular homoRensous den¬ 
sity' In the rlRht lunc. In the angle between tho major and minor Abbuj^ nt the hUum. liui* 
tlple area* of onlcJflcatlon are »oen In the tumor maM. hilar gland*, and lung utia*. 


Cabe 8.—^K. C., a C5-yenr-old woman, was seen in April, 1948, because of the discovery 
of a mass in the chest at a cancer detection clinic. The patient was asymptomatic, and physical 
oxaminatlon was negative. 

Roentgen examination of the chest showed a single circular liomogeneous density 8 cm. 
in diameter in the rigiit lung, in tlie angle between the major and minor fissures at the bllom. 
There were multiple scattered areas of calcification in the tumor moss, Iiilaf glands, and lung 
fields. 

Bronchoscopy was negative. Repeated sputa and gastric washings on direct and con- 
oentmted smears were negative for tubercle bacUlL Bmear and cultures from bronchial 
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aapirationfl Tvero nogntlvo lor ncid^foat b&cilli and fungi. Later cultures and guinea pig 
inocnlatloni were both reported positive for tuberculosis. 

Diicussion.—Operation was deemed inad\Tsnble because o£ the general 
condition of the patient, reiwated negative bronehoscopics, lack of progression 
of the lesion, and position of tlic lesion which would have necessitated pneu¬ 
monectomy. Last chest film avos in Januarj-, 1950, The appearance Avas the same. 

Case 0.—C. "W., n {>4-.veiir-old man, was hoaiutiiliicd on Jam 15, 1043. One luontb before 
admission ho had noticed some ahortnew of bronth on exertion. Ho had a cough productive 
of four tabloapoona of sputum daily. Ho nlso developed a nhnrp pain in the anterior right 
cliost which lasted one week, riiyeical exoniiimtion was negative. 

Hocntgcnogrnphlo examination of tlio chest revealed two rounded lesions in the right 
lower lobe posteriorly, each being slightly more than 1 inch in diameter, lying one above the 
other, one slightly anterior. Tlicse were round and clrcuiuscribe<l, and in such proximity to 
each other that they aetunlly overlapped. Tomographic studies of these lesions demonstrated 
partial calcification in the wall of the sujK'fior lesion, and sentterod areas of cnlcification 
tliroughout tho tumor masses. There were discrete areas of calcification in the hilnr nodes, 

Bronchoecopy showed a modorato degree of clironic inflammatory roaction. There were 
no localized lesions in either tho right or the loft main bronchi, or in the secondary oriflees. 
Bronchial secretions were negative for tubercle bacilli. Cultures were also negative. 

On the ninth hospital day n right lobectomy was done. There was found to be an 
extremely Imrd white tumor \vlthin tho subslanco of tho lower lobe, whicli had the appearance 
of cartilage on tho pleural surface. There were some hard nodes about the lower lobe Mlum 
which were likewise calcifled. 

On section, there were two, golf*bnll sire, distinctly encapsulated tumor masses, ap¬ 
parently tnborcalomas. One racasurod 2.S cm. In diameter, nnd tho other 2.5 era. Section 
through the tuberculomas showed a folrly thick flbrous capsule, nnd extensive calcification 
of the caseous tlssueo, Tho surrounding alveoli were compressed nnd somewhat atelectatic. 
No active tubcrenloua gmnulati\*e tissue was secn- 

On tho sixteenth day the patient was discharged witli wounds well herded. 

I^iscussion.—Tlio presenco of dense calcification in the tumor masses 
simplified and Justified the diagnosis of pulmonarj' tuberetdoma. This calcifi¬ 
cation was sufficient to be of prognostic significance. Surgery was probably not 
indicated at this time because of tbc apparent instability of the lesion as indi¬ 
cated by the amount of calcification within the tuberculoma, Roontgcnograpliic 
examination of tlic cheat nt I'cgular intervals might have been a wiser decistion. 

Casb jo.— D. a T^-yenr-old white man. irns seen in March, 3048, because of an 

nnufual finding lu a routine clieat film taken by hia pliyricinn. The patient was asymptomatic 
on adraisBion, and pli,»ical examination of the lunge was negative. 

Boentgenographic examination revealed a roughly round tumor, 6 cm. in diameter, ex¬ 
tending out from the mediastinum into the lung fields. Lateral film of this chest showed 
this lesion to bo in the middle medlastinuin. The mass had irregular borders and discrete 
areas of calcification, Tlie rest of the long fields were normal, except for scattered areas 
of calcification. 

Bronclioscopic examination showed the enrina to be moderately fixed. The right 
brcmchus was not remarkable. Tlie left bronchus seemed to be pushed anteriorly nnd upward, 
bat oU subdivisions could bo recognized. Boctoriologic studies of sputa and bronchial aspira¬ 
tions were negative. Cultures and guinea pig inoculations wore negative. 

The thoracic surgical consultant felt, beenuse of the bronehoscopic findings, that this 
case was most likely a lymplioma, and because of the patient’s age recommended a therapeutic 
trial of roentgen therapy before subjecting him to an exploratory thoracotomy. The patient 
voceivod intensive radiation treatment with no diminution of the size of tho tumor. 
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On Aug. 10, 1948, nn exploratory thoracotomy was done. Extendbg out from the 
mediastinum into the right upper lohe ol! the lung there wns a mass the size of a small 
orange studded with calcified pebbles over its surface. It was extremely hard, yellow in color, 
and did not deform the lung. The operating surgeon felt that this wns probably a tubercu¬ 
loma because of its color, consistency, and surface appennince. Biopsy wns not considered 
advisable. The tumor wns not resected because of patient’s ngc and poor general condition. 
Patient’s postoperative course was uneventful. 



Fie. 10 (Case 10).—A and B. RoentBenograms 
show a roughly round tumor C by G cm. extending out Scattered areas 

fields. The mass has irregular borders and discrete areas of calcification, ^^cuu 
oI calcification can be seen In tlie lung fields. 


Case 11.—^L. D., a 72-year-old Negro, was seen on June 19, 1D4G. One year pr 
to admission a chest plate had been taken, and a diagnosis of mediastinal tumor tmt 
cation has been made. On admission to the hospital the patient’s chief _ of 

progressive dyspnea. He had a productive cough, without blood-strcnking. ^ngpital 
18 years, cervical tuberculous glands had been removed at the Jolms Hop ns ^ 

Physical Examination .—The patient was a cachectic, elderly rhoncki 

emphysematous; dullness wns elicited over the right interscapulnr area. i es ^ 

were heard in both apices. Remainder of examination was essentially nega 'e. 
hospital, patient had a daily low-grade fever. 

Numerous roentgenograms of the chest were made. Examination of tumor 

mediastinum in December, 194G, fluoroscopically and radiographically s lowe 
mass with calcification in its wall. This mass was posterior to the forward and 

spine, and extending to either side of the spine. The trachea wns P“ . ^g,.e noted 

the bifurcation of the trachea was pushed upward. Multiple areas o c ^ 

in the paratracheal and hilar nodes. Large areas of calcificaUon co calcification 

upper abdomen. Tlus mass was believed to be a postyior mediae in ^ 2 ) huge 

in the waU. The following possibUities were considered: t-ij aberrant thjTOid 

tuberculoma with calcification in the wall; (3) nodular enlargenio 

tissue with secondary calcification. infraclavicnlar 

Repeat roentgenogram in June, 1948, showed ^It^^tion in 
and apical areas, with what appeared to be multiple fine areas 








816 


THE JOURNAL OF THORACIC SURGERY 


Re-examination of the chest on July 3, 3048, showed an increase in the infiltrative 
lesions, extending down into the right lower lobe from the hilum. There was n small amoont 
of fluid at the costophrenie angle. 

Repeat cultures and films were negative for tubercle bacilli. 

Discussion .—Cases 10 and 11 arc presented to illustrate tuberculomas of 
the mediastinum. Case 11, in view of the spreading infiltrative lesions in the 
right upper lobe, is probably a tuberculoma of the mediastinum, although 
pathological or surgical proof is lacking. 



SIANAGEJIENT 

The radiographic demonstration of a solitary circumscribed lesion 
calcification in the lung fields, in which all other diagnostic stu les aiT nCo ' 
demands an exploratory" thoracotomy. It is a relatively safe pioce ure, 
a low mortality and morbidity rate. Since many of these tumors 
nant, exploi’ation as soon as possible is the ti’eatment of c ioice resection of 
lesion prove to be metastatic, recent reports^® have mdica e ^larly if 

isolated metastatic tumors in the lung fields may be tumors 

the primaiT lesion has been eradicated. A large number of ‘ t re¬ 

will prove to be of tuberculous origin. There is mereasmg evidence 

section of localized tuberculous lesions of this tyT^ is a 

The position of the mass may make the surgical ° examination 

complicated. The mass, if in peripheral location may j-ecess be 

aroperatioB, and, should a tuberculoma or other non-neoplastic p 
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present, local resection is feasible and safe. When the lesion is located at the 
hilum and is not calcified, the matter is much more serious, for, since the majority 
of sucli cases %rill be malignant tumors, ■U'c have no altemativc but exploration 
with the idea of pneumonectomy. It is doubtful if sharp local excision of a 
suspected tulKjrculoma at the hilum of the lung Is good practice. When a local 
resection of a tuberculoma in the hilar region is done, numerous fine bronchi 
are opened, whoso fluid and air contents arc difflcult to control. These broncliial 
contents pass out into the field and invariably contaminate the operative area, 
increasing the likelihood of a combined infection which may have disastrous 
consequences for the jjatient. The one ease in this scries in which local excision 
of a hilar tuberculoma was done was complicated by a postoperative mixed 
empyema and bronelioplcural fistula. Therefore, it mu.st l>c anticipated before 
surgerj' that, if the mass is liilnr, the surgeon may have to sacrifice the lung, even 
in the absence of neoplastic disease, since there is often little room for the safe 
application of less radical mcasin’cs. Biopsies of these hilar mosses are not 
always safe if the pathologist reports the presence of a chronic granuloma. A 
peripheral location of the lesion allows more consen'ntism, if the operator is in 
doubt, and therefore a gi’cntcr mai*gin of safety aud less physiologic sacrifice 
for the patient. 

The unchanged appearance of the maa.s in serial roentgenograms over a 
few mouths is not conrincing evidence that the lesion is benign, ns it is precisely 
this type of slowly growing neoplasm which is often tlie most favorable for 
resection and cure. If a tuberculoma con be removed with a "wide margin of 
normal lung by means of a conser\’ativo operation, no particular harm has 
been done. A pcriphei'al lesion without a definite diagnosis demands an ex¬ 
ploration. If there seems to he doubt os to the nature of the lesion, and a 
biopaj' docs not seem wise, a pnciunoncctomy should be performed, if sufficient 
respiratorj' reserve exists. Should the lesion lie at the hilar region, and ablation 
by lobectomy is not feasible, and we haA'e the choice of tensing out the the moss 
from the hilar structures, or pneumonectomy, tlic latter is probably preferable, 
oltliough there may be indiridual factors wliich would direct the procedure 
otherwise in selected cases. 

Well-calcified tuberculomas without areas of breakdown can probably be 
considered stable, and it docs not seem to the authors that sirngical intervention 
is the best method of management. The incidence of postopemtivo complications 
when added to the mortality rate of pneumonectomy, lobectomy, or local excision 
probably makes operation more hazardous than conservatism in this tj^ie of case. 

Further observations over a number of years on carefully selected cases 
must be carried out before the preceding statements can be fully substantiated. 
However, it i.s only bv this method that wo can with reasonable certainty select 
the proper treatment for each patient. 

CONCLUSIONS 

1. Tuberculomas may arise from encapsulation of a primary giant tubercu¬ 
lous focus, from encapsulation of a restricted reinfection focus, or by means of 
a completely blocked tnberculous cavity. 
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2. The accurate differential diagnosis of a solitary mass within the lung 
fields may be exti’eniely difficult or impossible, and in a large number of cases an 
exploratory thoracotomy vnW he necessary to establish the correct diagnosis, 

3. Tuberculomas without calcification, or with areas of breakdown, con¬ 
stitute a potent threat against the continued well-lieing of the patient, and 
should be removed. 

4. It is probably safe to advise conservative, well-managed observation in 
patients presenting definitely calcified solitary lesions without any evident 
breakdown. 
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DISCUSSION 

COL. JAMES H. FORSEE, Denver.—^Added emphasis 
tuberculosis may be given by reporting an e.xperience we 


to the surgical management of 
liave had at Fitzsiraons in the 
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furgical nianagcmont of sixty patlcnla with taboreuloma. Approximately two-thirds of the 
potlenti have been handled surgically by wedgo excision of the lesion, one-third by lobectomy. 
Wo believe this is on actual and potentially dangerous lesion and, in general, that nil tubercu¬ 
lomas should bo removed by surgicol means. True, certain patients who hate had for many 
years known tuberculous lesions, may bo treated consorvntivoly. 

(Slide.) Tills illustrates a tj'picnl tnberculooin. 

(Slide.) This Is a surgical spocinicn—what wo coll a mature tuberculoma; here ia a 
colored photograph of that specimen. 

(Slide.) There is no means \vlth which we arc acquainted by wliich we can tell pre- 
operatlvely and without examination of pathologic tissue, the truo nature of the lesion in most 
Insttnces. This lesion, as you will note, is circumscribed; It moy or may not be a mature 
lesion; wo cannot tell by x-ray findings. 

(Slide.) • This ia the surgical specimen—it is nn unripe lesion teeming with tubercle 
bacilli. The wedgo excision which we performed Is, os you see, too small for this type of 
lesion, and had we known beforehand we would liave removed more parenchymal tissue. 

(Slide.) There Is an area of tmnalucency near tlio border of this circomBcrlbed lesion, 
which our pathologist, Colonel ilnhon, ha** pointed out occurs in a certain percentage of cases, 
indicating a brenk-threragU of the oncapsolated lesion, and we believe it is n definite indication 
for consideration for surgical excision. 

(Slide.) This film again shows a tjT>ical tuberculoma, but Impossible to tell by roent- 
penogrophic examination. Tills patient did have symptoms of mild fever. 

(Slide,) This Is the surgietil specimen of a lobectomy; tho patient had a cavitary 
leaion, a breakdown of tho tuberculoma, ond endobronchial disease. 

(Slide.) The danger of tubercnloma is well illustratod in this particular instance; n 
36-year-old woman who liad been watched for seven years. She had been advised to have 
exploration of this lesion in 1045 iu tlie midst of the war, and she deferred exploration, We 
»aw her in 1947; the tubercnloma had broken down and she had had dlsaemlnnticm, of the 
disease. 

In general, calcification takes a long time to develop. Streptomycin has no effect on 
these lesions ond wo l>ellevo surgical exploration and excision is the proper therapy. 

DRs JOHN B, PAINE, Bnfifalo.—Dr. Culver aud I como from the same clinic. Before 
get too far out on a limb, I want to say that I personally subscribe to tlie management 
expressed by him which, briefly, Is this: we tliink all tuberculomas should be excised except 
those that are calcified witli no evidence of Internal breokdown. However, even in that class 
of patient, wo think they should be followed with serial x-ray films every three months. If 
at any time they do show internal breakdown or radiotranslucency, we think they should be 
aicis^ 

(Slides.) Dr. Culver’s series is twenty-three; thia will bo his twenty-fourth. This is 
the lost case which has como to our attontion. This is tho x-ray film of n 51-year-old woman 
who is asymptomatic; this was a earvey film taken last October. "We have spent since lost 
November nntJl tho first of April trying to find out wliere the primnrj' tumor was in this 
There are twelve distinct lesions In this woman’s x-ray film. On close scrutiny of the 
original film seven of these lesions showed calcification. Has she got multple tuberculomasT 
Has she got metastatic corclnomat 'Wo have spent about four months trying to find where 
the primary tumor might be. Two weeks ago wo excised one of these lesions for biopsy. 

(Slide.) Tbl* proved to be a mature tuberculoma. While it is true that multiple 
tuberculomas do not occur very frequently, there are tlirce out of the twenty-four. I think 
these multiple lesions occaaionEilly cause a good deal of doubt as to how they should lie 
treated properly. 

DRs EDGAR DAVIfl, Washington, D. C.—Several years ago before this Association I 
dlscussod a paper on intrapulmonary tumors—I do not recall by whom tho paper was given. 
For a number of years we have been much interested in these solitary hunors. In the 
original forty eases which I presented, wo had n total of 70 per cent malignant end SO per 
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cent benign lesions. No tumor was included which showed any evidence of excavation or 
calcium; nor were tumors included that were located against the diaphragm, the chest wall 
or the mediastinum. The average ago of the forty patients was 52 years. At that time it 
was predicted that if a chest x-ray survey could be made whereby a large group of the 
younger people could be studied, the percentage of malignancies would diminish and there 
would be a corresponding increase in the so-called tuberculomas. In 1948, a mass chest x-ray 
survey was carried out in Washington, D. C., at which time about one-half million people 
above the age of 14 years were x-niyed. We have now accumulated, partly from that mass 
chest x-ray survey and partly from other source.s, a .«eries of 92 or 93 of these solitary tumors. 
Sixty-seven of these cases have been completely tabulated, of which 55 per cent were malignant. 
The remaining 25 or 26 cases, although not completely analyzed, are showing approximately 
the same results. It is interesting to note that of the patients who had no symptoms what¬ 
ever referable to the chest, 2S per cent were found to be malignant. Although this may be 
considered a relatively small series, it is sufficient, in my opinion, to justify immediate action 
and early removal rather than watchful waiting. 


DR. W. O. KELLEY, Norwich, Conn.—I agree with Dr. Culver’s discussion on the 
pathogenesis of tuberculoma generally. However, I would like to make the statement that 
there may be some disagreement as to whether we should actually classify as tuberculomas 
tlie formation of an intrapulmonary cavity and later the Idling of this cavity' with secretion. 
On the other hand, in tuberculoma, if we can follow the progress, we actually see first a solid 
tunior, later breaking down to form sometimes a fairly large cavity. To illustrate this I 
have three cases that could be added to this scries. 

(Slide.) This is the case of a 2.3-ycar-old woman who had three masses, one small, one 
of medium size, and one large. The patient had a positive sputum winch continued positive in 
spite of pneumothorax treatment. 

(Slide.) In the lower mass, the largest one, there is definite rarefaction. 

(Slide.) This is the removal of the upper lobe, with an incision made vertically on the 
ape.x to the base, showing the first, the second, and the third mass with cavity formation. 

(Slide.) This is an x-ray film of another case in which we have proof that there was 
a tuberculoma; there is probably some breaking down but it does not show clearly here. 

(Slide.) The laminagram shows the mass a little more clearly'. 

(Slide.) This is the re.=cetcd upper lobe, and here is the tuberculoma in section, one- 
half here, and one-half here. 

(Slide.) Another case with a mass under the right clavicle. 

(Slide.) Here is perhaps what we would call a ripened or mature tuberculoma m 
cross section. 


(Slide.) This is the result postoperatively. 

DR. DEWITT C. DAUGHTRY, Miami.—This is a very interesting topic. I have re^ 
cently seen several cases that were of great interest, at least to me. One of these lesions w . 
indistinguishable from a tuberculoma and broke down in a few weeks to produce a 
seminated histoplasmosis. Another one was a dense round lesion which was excise , an 
a granuloma due to localized blastomycosis. The majority' of these lesions that 
have proved to be carcinoma. Some of them had not changed in size in two or t ree I 
time. I would bke to show one case to demonstrate what may happen to a tubercu oma 
had changed very' little in five years. ^ 

(Slide.) This lesion was present five years ago, nsyuaptoniatic, and had ^ 

until about three months before this film was taken. The patient became symp ’ 

“^tive sputum, did not feel weU, but did have a cough. The lingula coutammg the lesion 

was resected. _ . broken 

(Slide.) This shows that it is a granulomatous tuberculous lesion w iic 
down, in spite of the fact that it had apparently been stable for five years. 
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Seldom can tv definite dlagnoais bo made wlicn vre visualize a discrete round solid 
peripheral opacity on the x-rny film. These lesions must be considered very dangerous, and 
we should not feel content until we hnvo them in a specimen jar. 

UH. "NV. IL TUTTLE, Detroit.—T do not bcllove that there is any doubt in tho minds 
of most of us present but what tho rounded lesion within the lung should be surgically removed. 
There is on tho otlicr hand a considemblo danger because of the fact that many individuals 
in the field of medicine Imvo come to l>elievo that tho rounde<l lesion is a relatively benign 
process. The idea is nil too current that tho rounded lesion can be safely watched, if it does 
not over n period of months demonstrate growth then it is considered cither an Inflammatory 
process or some benign tumor, if it grows then it Is considered naturally to be malignant. 
This, of course, is an nlisolntely inaccurate view of the facts. There are numerous carcinomas 
which grow slowly, If at nil, over a period of many montlis, I have recently seen such a 
Icfion in a woman of middle ago which was wntchoil for n period of approximately eight 
months in which no gro\vth was demonstrated. 8lx montlis after this wntcliing period she 
returned with a lesion many times the size of the original one. A pulmonary resection was 
done and it was evident that tho raetliastinal glands wore involvt?d. The mere fact that nn 
area of calcification is present within the center of the rounded lesion is no proof that the 
lesion Is tul)crculous rather than lienign. ^Vc have recently resected sucli n lesion in which 
a carcinoma had dcvclopeil about n ]>rcvious Ohon's tulierelo. In view of many recent studies 
which demonstrate that the rounded lesion witliln the lung carrifyl an incidence of malignancy 
in from 26 to 50 per cent of the patients seen with this type of lesion it is certainly nnsafo 
to temporize. 

DR, JOHN R. MC DONALD, Rocheater, Minn.—In a surgical pathological laboratory, 
between twenty and tlilrty varying surgical conditions are seen for which resective pulmonary 
opcrntlons aro performed. One of the largest groups results from granulomas, there being a 
pTCftt variety that nlTcct the long. These granulooms may be produced by bacteria, molds, 
P^raaltaa, or cheraleala. The histologic pattern is often similar regardless of etiological 
factors. Too often on opinion is given that a certain granuloma is caused by Afyeobnofsttum 
faberotilotff* without any adequate bnctoriologic proof. To me it seems unwise to diagnose 
a given granuloma of the lung as n tuberculoma without tliis proof. 

dr. NORILSK AYILSON, Brookline, IIobs.—I rise to ask Dr. Oulver if ho would be 
kind enough in his closing discussion to tell os from his experience and study, wlmt cases 
he thinks wo should trcjat os tuberculous patients after the excision. Tliis problem was 
brought to my mind forcibly by two successive coses whicli I recently have done, both survey 
lesions, both imving isolated round tuberculomas in the long tissuo, with nothing else seen 
by x-ray examination or palpation, but with large liUnr nodes which looked to be active. I 
wondered whether he had had this eiperience, ond which patient* he felt should be admitted 
to the sanatorium for treatment. 

DR, C5LABENCE CRAFOORD, Btockliolm, Sweden.—I certainly agree with Dr. Tuttle 
tliat tlieee rounded tumors, when they are found, should be surgically attacked If there are 
no special contraindications to operation. I should like to discuss the type of attack that 
we plan in these cases. Nobody can tell from the i-ray film the microscopic pathology in these 
tumors. ^Vhen we explore them, we always make on the table a frozen section from the 
araa of the tumor in order to ascertain what type of pathology is present. If It is a malignant 
tumor we prefer routinely to do pneumonectomyj only in selected cases where there is good 
reason for it, lobectomy is done. In tlie coses where wo find it Is a benign process, and if thi* 
is well localized, we prefer to dissect the pulmonary artery and tho main stem of the two 
veins. AVe clamp these vessels temporarily. "Wo dissect tlie bronchus with the bronchial 
arteries and clamp these os well. 'SVo thus get a bloodless field in which we proceed to do a 
local open excision of the benign process, "We pick up and ligate the vessels which are at 
the bottom of the cavity. "We also ligate smaller bronchial laminae, after larger bronchial 
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defects are sutured, until we liavc a bloodless field free from air leak also after tlie clamps 
are released. The cavity is closed by a few sutures and the chest wall is closed. In suitable 
cases segmental resection is performed. 

DR. CULA^B (closing).—It seems necessary to stress the fact that our management 
of the usual solitary round intrapulmonarj’ lesion is at no variance with the opinions offered 
by the discussers, ns was stated in the body of the paper. Neither do we have any mis¬ 
conception that lack of growth in such a lesion in any way' rules out malignancy. 

Our main thought has been to stress the point that calcification does not occur in 
primary pulmonary malignancies. 

A tumor without calcification is treated in the accepted manner. It is the calcified lesion 
n-ithout evident breakdo\vn that we treat conservatively. In the older ago group, in indi¬ 
viduals with diminished respiratory reserve, this conservative management probably is best 
applied. We feel that the incidence of postoperative complications, when added to the 
mortality rate of pneumonectomy, lobectomy or local excision, probably makes operation more 
hazardous than conservatism in this type of case. 

This is admittedly a recent survey; however, up to the present time we have encountered 
no complications in the cases followed. Certainly longer follow-ups will be necessary for 
final evaluation. 



THE HEALING OF SURGICAL WOUNDS OP THE LUNG WITH 
PARTICULAR REFERENCE TO SEGMENTAL LOBECTOMY 

Charles W. Pindl.\y, Jr,, M.D. 

Nfav York, N. Y. 

R esection of anatomic scRmonts of pulmouarj' lobes has l)ecome a vrell- 
pstablished surgical procedure^ *’ “• *’ ** The earlier technical reports 

emphasized closure of the remaining lung defect, usually by a continuous 
suture.-*- * Jloro recently, it has Iveen recommended to leave the raw pulmonary 
surface ns it presents itself followng segmental exeision.*'^^- ” With the 
avoidance of suturing, it -was believed that less distortion of the parenchyma 
resulted, and that hotter pulmonarj' function was maintained. 

A disturbing feature of this operation is that most surgeons liavc had a 
higher iKstopcrativo morbidity then after total lol>octomica. More complications 
have occurred no matter how the raw surface of the remaining lobar segment 
was treated.*- “• The causes of the varied types of complications were not 
alwaj-s clear, but many authors suspcMJted t!)nt the unpleuralixed lung surface 
^vas the source of tiouble. 

The fate of the residual lobar parenchyma has been conjectured, but no one 
has proposed a concept based on direct obser^’ation. This is due to senntj’ 
autopsy material since the mortality of tlicso cases is low. It also has been 
rare for a surgeon to examine the results of a segmental lobectomy at a sub¬ 
sequent operation. 

The following investigation was performed to determine the sequence of 
pathologic events in the healing of a parenchymal wound following the removal 
of an anatomic segment of lung. In most instances a block excision of an 
adjacent lobe witliout regard for bitcrsegmcntal planes -sstis also performed for 
comparison. 

method 

Largo adult cata were cUo*eii for thia etudy After ncmbuttil narcosU, a small catheter 
was Inserted into Uie trachea and ether oncsthosln ttes started. The plooral csTity was 
entered through the eerenth intercostal space. In most instances the apical segment of the 
lower lobe of the right lung was chosen for resection. 

The pulmonary lobes always hud complete fissures. The apical bronchus of the lower 
lobe was identified and isolated *for a short distance, A fine silk suture was tied about it 

This work wo* financed In part by a rraat from tha United States Army, Medical Re¬ 
search and I^ralopment Board, Office of the Barpeon QeneraU 
From the Department of Bxirpery, Columbia University, 

Received for publication, Feb. 14, 1960. 
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close to the stem bronchus to the lower lobe. The bronchus was divided between this tie and 
a clamp placed distally. AYith slight traction on the clamp, the segmental vein and artery 
were readily seen and divided Irctweon ligatures. The intersegmental plane was identifid 
witli gentle blunt dissection near the clamped bronchial end, and the segment was removed 
with continuance of this technique. Tiiis maneuver was performed with ease and no trouble¬ 
some bleeding from intersegmental veins was encountered. The resultant defect was usually 
smooth surfaced and measured approximately 2 by 1.5 by 1.5 cm. There was practically no 
capillary ooze from the surface, and alveolar leaks were either transient or absent. Increased 
intratracheal pressure demonstrated usually an airtight pulmonary' wound. No attempt was 
made to pleunilize the defect. 

The middle lobe was rotated into, the wound and its tip was amputated with scissors. 
Bleeding censed after the application of warm moist pads for several minutes. At first, the 
operation was terminated leaving this lesion unsutured. However, one animal died of 
empyema and a bronchopleural fistula from this defect. In subsequent cases, therefore, the 
cut end of bronchus was closed with a single mattress suture of fine silk. In most of these 
animals, the healing progress of a small parietal pleural wound also was studied and the 
findings will be reported later. The cheat wall was closed in layers with silk about a small 
catheter. Near the end of operation, as much air ns possible was aspirated from the chest 
through the catheter which wa.s then removed. No dressings were applied and the animal 
was returned to its cage. 

The postoperative recoveries were usually' uneventful. No roentgenograms of the chest 
were taken and no thoracenteses were done. None of the animals in this scries showed signs 
or .symptoms of infection and all appeared licnltby at the time of sacrifice. They were given 
lethal do.se.s of etlier at intervals from two days to six weeks after surgery'. The abdomen 
was opened, and after the viscera were examined, they' were retracted caudad. The plenra 
cavity on the operated side was first entered through an anterior diaphragmatic incision. 
In this manner the amount of residual pneumothorax could be evaluated easily’. "When f s 
was determined the anterior chest wall was removed on bloc so that all the thoracic strnc 
tures could he viewed in situ. "With gentle manipulation of the wounded lung, p earn 
adhesions, the state of the wound, and possible pulmonary' distortion were noted. 

The lungs were removed and inflated w’itli Bonin’s solution via the main bronclii. The 
specimens were placed in this solution following ligation of the bronclii. Sections ® 

from normal and wounded parts of the lungs. These were prepared with licmatoxy an 
eosin and Masson's trichrom stains. 


RESUL.T.S 

Gross .—Most animals killed within the first six days after operation had 
pneumothoraces. One cat w’as sacrificed on the second day because of moderate 
embarrassment. It had a marked bilateral jmcuniothorax that was caused by a c ' r^^ 
the cut end of the middle lobe branch bronchus. In this instance, the bronc lia su 
not prevent a bronchopleural fistula. 

Postoperative pleural effusions were not remarkable. There were -jras 

serosanguineous fluid in the costoplirenic angles during the first five days. ve 
not observed later except in the cat killed at the end of three weeks. The p cum w 
smooth and glistening. middle 

One of the animals killed on the second day had fibrinous adhesions segmental 

lobe defect of tlie right lung and the adjacent pericardiunu The woun o ® ^ 
resection of the right low’er lobe remained free from adhesions until t le si. i 
day. During the subsequent period it usually became adherent to t le over yin ■\yiien 

or to the pleural scar of the chest wall incision. The density' of separate 

there was symphysis of the defect and the upper lobe, no attempt ™ distortion 

them and both lobes were included in the sections. At no time was 
of the lung. 
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Tlie middle lobe defect following Bmputation of its tip this puckered by tlio placement 
of the peribroncliial suture. It was dlflieult, tlicrofore, to determine its dimensions nccuratoly. 
Precise measurements of the lower lobe sopmental lesion could be made unless it was firmly 
adherent to adjacent structurci*. It did not show any change in site until the ninth day 
when it b^n to contract progressively. By the third week the center of the wound was 
depressed and its borders were elevated and rounded. The segmental lesion was covered by 
I thin layer of blood clot up to the third postoperative day. From tho fourth to the seventli 
day, It was overspread with a film of fibrin. Thereafter, the surface Imd fibrous chameter- 
Uties. 



Pis. l.—Wound of luns two days after lefmental lobectomy. Note partial aeration of ah'eoU 
and Increased caliber of capillaries 


ificroicoptc.—The sections taken from the cat killed on the second postoperative day 
were the earliest studied by microscopy. The upper lobo of tho right lung and lowor lobe of 
the left lung showed evidence of patcliy atoleclasls. The bronchi bi the involved sections 
contained considemble amonnts of exudate. The segmental lesion of tho lower lobo of the 
right lung was covered with a tldn layer of blood clot (Fig. 1). The air sacs subjacent to it 
aerated bat smaller tlian elsewhere. In most places septal walls formed the border of 
the wound. Inflammatory cells near tho injury were few and polymorphonuclear leucocytes 
^re absent. The bronchi in these sections were free from blood, exudate, nnd retained secre¬ 
tion. 

Sections from the cat killed throe days after operation showed all pulmonary lobes to 
he well aerated. The segmental lesion was overspread by laminated strands of fibrin with 
Iflterrening red blood cells in rouleaux (Fig. 2). Again there was a paucity of inflammatory 
la one portion of the wound, tliere was evidence that tho intersegmental plane was 
with resultant hemorrhage into the parenchyinn and attenuated alveolar capillaries. 
*°ggested a diminished blood flow through the area. The soctlons of this lesion showed 
sir in all the alveoli, but there was pulmonary edema near the wound. 
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Fig-. 3.—Segmental wound four days after operation. Pulmonary f(fr‘wanV°(Xl39)- 

Is more complete. The lung border of the wound Is formed by alveolar wan 
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Daring tho next two dny« dcflnito treads occurred. The partinHy excised Jobes showed 
pulmonary edema. Tlio lung* wero well aomled except the middle tmd lower lobes on the 
right which had -patchy iirons of ntclectaais, especially near the lesions. On the fifth day, the 
scgmcatal woond was covered by a fibrlnona layer containing disintegrating red blood cells. 
The layer was ranch thicker than noted on the previous days and it extended for a considerable 
distance over the adjacent pleura. Only directly over the wound did it contain nil types of 
inflammatory cells in modernto numbers. Fibroblasts from the wounded long invnded the 
fibrin In a patchy manner. Aeration of the underlying lung was variable in different sections 
but it was never completely atelectatic. The alveolar lining cells neor the lesion were large and 
prorainent. A bronchus In this lobo contninetl exudate. 
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Fig. —Segmental wound eleven days after operation. Xote fibroblastic Invasion of the fibrin 

layer and caplllurle.R In the wound (Xliifi). 



Fig. 0.—Segmental wpun<l three weeks after operation. The wounded figment Is 

one-half of the picture. Fibrosis has extended along the Interlobular septum lA 



riNDLAY; SUnOICAL WOUNDS OF LUNG 


829 



Flir. 8,—Higher maffnincatlon of Fig. T to demonatnte the cell* on the wound aurface (Xl.OW). 
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There was little noteworthy change until the ninth postoperative day. All lohes ^vere 
fully expanded. The nonndherent portion of the segmental wound was overlaid with acellalar 
fibrin that was completely enveloped by dense fibrous tissue. The bronchus to the remaining 
segment was damaged by suture so that tlie state of the paronclijuna was not comparable to 
previous sections. 

The ne.xt animal was killed on the elcventli day. There was a fibrotic symphysis of the 
segmental lesion and overlying upper lobe. A few clumps of fibrin were enmeshed in the 
adhesion but these were being invaded by fibroblasts (Fig. 5). Inflammatory reaction was 
minimal and the fibrotic area was well va.sculnrized. The pnrenchjunal pattern adjacent to 
the wound was slightly irregular but well aerated. The bronclii contained moderate amounts 
of exudate and there was peribronchial edema. 



UefMt following amputation of tlio tip of the right mltidle lobe Regeneration, 

gerj-. The bronchus was closed by a mattress suture. Note the parencbjonai u g 
distortion, and endobronchial e.\udate (X31). 


The animal killed at two weeks was different from the rest because the 
pulmonary artery to the lower lobe was ligated. The pleura contained dilate 
lymphatic vessels. There were scattered small scars throughout the lower lo e, an 
in the wound was extensive. The wound contained several small abscesses. 

The changes between the eleventh day and third week were minimal- slight 

scar of the segmental wound was mature, contracted, and thinner. ^ , x. the 

parenchymal distortion due to contraction of the scar. Some endobroncbia exu a 
wounded lobe was noted. 
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By tho enJ of the sixth ^eek, the wound was covered by a tldn band of fibrous tissue 
that was undergoing hyallnlmtion (Fig. 7). Many caplUariee were present throughout the 
war. In places It avos co\-ered by a single layer of cells that liod many characteristics of 
adjacent pleural «dla (Fig. 8). Tho interlobular sopta wore thickened by fibrous tissue 
which extended from the surface scar. A disturbing feature was the presence of plugs of 
exudate in sorao of tho broncliL Close to the bronchi wore small abscesses and areas of 
pneiunonio. It could not bo ascertained whether this infection was Incidental or secondary 
to tlie defect 

Following amputation of a portion of tho middle lobe and closure of the open bronchui 
by suture, wound healing progrosac^l In a clmmcteriatic manner. On the second postopera¬ 
tive day, the parenchyma was nomtal except for distortion near the bronchial suture. From 
this point, the alveolar walls radiated out in every direction. The alveoli were elongated and 
flattened near the suture. Between the wound and the suture, there was considerable hemor¬ 
rhage into the parenchyma, deposits of fibrin, and invasion of all types of inflammatory cells, 
especially polymorphonuclear leucocytes. On the following day the capillaries near the 
wound were engorged and the Inflammatory elements wore greatly increased. 

On the fifth day the middle lobe defect peripheral to the suture consisted of degenerat¬ 
ing, airless parenchyma. There was active fibroplasia throughout the damaged area and this 
activity extended over the adjacent pleural surfaces. In the damaged area of the wound 
lix days old, there wore numerous clefts that rcpresente<l intact olveoU caught in the organ- 
Itttlon (Fig. 0). Thereafter, organisation of the wonnd OMd the adjacent distorted lung 
proceeded rapidly. By the eleventh day the surface of the lesion was invested by n dense 
fibrous layer. Fibrosis elsewhere was diffuse and less compact. 

DISCtTBSION 

This sttidj^ was designed prinianly to detorniinc the healing process of a 
hmg wound following segmental resection in the eat. The portion removed was 
iistinlly the apical 'segment of the right lower loho. Altliough the chest wounds 
of these animals wore closed without drainage, they had small postoperative 
pleural cflfusions. There was no demonstrable escape of air from the segmental 
wound. Because of residual pueumothoracea, few adhesions were noted during 
the days immediately after operation. After the sixth day, however, the wound 
usually was either adherent to the adjacent lobe or to the thoracotomy wound. 
The wound surface was invariably smooth despite microscopic evidence that the 
intersegraental plane was crossed occasionally at operation. Gross contraction 
of the wound was not observed until the ninth postoperative day. At no time 
was there gross distortion of tho injured pulmonary lobes. 

By microscopy, healing was ideal when only the anatomic segment was 
f'csccted. Injury of the pulmonarj'^ artery or hronchus to the unpleuraliied 
segment had a detrimental effect on wound healing and the adjacent parenchjnna. 
There was evidence of local parcnchjTiial ischemia and intra-alveolar hemorrhage 
where the intersegraental plane ^va8 crossed (Fig. 2). All of these digressions 
cflused a significant inflammatory response. 

Under ideal conditions healing progressed in the presence of few inflamma¬ 
tory cells. Polymorphonuclear leucocytes were virtually absent. The lesion was 
first covered by a film of blood clot which gradually l>ecame amorphous and 
thicker during the first postoperative week (Fig. 3). Fibroplasia was not active 
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until tlie fiftli clay. At this time fibroblasts grew from the lung substance into 
the overlying film in a patchy manner. On the following day, the wounded 
lung was completely covered by these cells (Fig. 4). With contraction of the 
wmund, there was apparent radiation of the alveoli from the surface of the lesion. 
New capillary formation in the wound covering -was definitely evident on the 
eleventh day (Fig. 5). By the end of the fourth week, the sear was mature. 
From the third to the sixth week, it liceame progre.ssively thinner. At six weeks, 
it was covered by a single layer of cells that were similar to the adjacent pleural 
cells (Figs. 7 and 8). The possibility that they were fibroblasts arising from the 
scar could not be excluded. Joannides and associatas'’’ thought that lung wounds 
ultimately were covered -with endothelial cells. 

When the dissection ])rocccded as planned, the border of the lung beneath 
the film was fonned by alveolar walls (Figs. 1 to 3). During the fii’st five post¬ 
operative days, the parench^^na subjacent to the evound was aerated but the 
alveolar caliber Avas often not as large as elsewhere (Figs. 1 and 2). This Avas 
pai'tially due to Avidening of the .septa. There AA’ere patchy areas of atelectasis 
in the injured lobes during the fii’st five postoperative days. This pathology Avas 
seen in unoperated lobes only on the second day. Usually atelectasis Avas as¬ 
sociated AATth collections of endobronchial exudate in the same sections. After 
the sixth day, this combination Avas not okscrA’ed, and puhnonai^’’ aeration Avas 
complete. Pulmonary edema in the AA’ounded lobes Avas present up to the fourth 
day when it Avas maximal. It gradually decreased thereafter. 

Fibrosis of the lung AA'as absent if there was no alveolar damage. With 
parenchjTnai iujun', inflammatory changes ensued and fibroisis was eventuallj 
considei'able. hlicroseopieally, di.stortion of the lung Avas not an early manifesta¬ 
tion. It occuiTed later Avilh contraction of the Avound and fibrous thickening 
of the interlobular septa (Fig. 6). Damage to the lung, hoAvcA’er, Avas always 
foUoAA-ed by distortion of the ah-eolar pattemi. The presence of endobronchial 
exudate four and six Aveeks after operation Aims disquieting. It Avas associated 
Avith peribronchial inflammation and small ai'eas of pulmonaiy suppuiation. 
Prom these limited observations it could not be determined Avhether t us 
patholog;^' re.sulted from diminished local resistance of the operated lobes. 

The comparison of the segmental Avound and middle lobe Avoimd foflmAing 
amputation of its tip is not entirely applicable since a bronchial sutu 
in the latter. HoAvcAmr, the combination of nonanatomic excision 
caused a reaction far different than Aims seen after segment" 

AA'as considerable strangulation and death of pulmonary p 
Inflammatory reaction Avas extensive and polymorphonu 
numerous. Fibroplasia occurred eai-lier and it Avas mo ^ 
tortion resulted from the fibrosis,' and the “strand 
Joannides and associates” Avas evident about the stitC' 
hoAvever, had no demonstrable effect on tlie lung pro' 
only bronchopleural fistula in tliis series resulted frev 
excisions even tliougli the cut end of bronchus Avas 
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Stgmontnl resection wns ensier to perform in tlieso nnimnls than in human 
heinps requiring tlio opemtion. Tliis is understandable since a normal pidmonarj' 
segment in the human being is usually ensier to excise than n pathologic segment. 
The lungs of the cats in this experiment were normal and the intersegmental 
dinsions were found until facility. In spite of this, it was evident by micros¬ 
copy that the intersegmental plane was crossed on several occasions. It may be 
assumed, thcrcfoi'c, that greater parenchymal damage of the remaining segment 
will occur during anatomic segmental re.seetion for pulmonaiy disease. This is 
probably the cause of persistent alveolar and small bronchial leaks. If tlie re¬ 
moval of a diseased segment is difficult because of fibrosis at the intersegmental 
plane, the procedure probably should be changed to include an additional 
segment or to a total lobectomy.' On the other hand, when an anatomic seg¬ 
ment can lie removed with minimal parenchymal damage to the remaining 
segment, the lung wound unll heal well without pleuralization. Prom the evi¬ 
dence presented here, approximation of the pleural edges by suture probably 
will cause unnecessarj- tissue destruction with sulwequent local inflammation, 
fibrosis, and possibly infection. 


CONCLUSIONS 

In the experimental animal, a precise anatomic resection of a pulmonarj' 
lobar segment causes a woiuid in the lung that heals ideally. A mature surfaee 
scar devoloiw over the course of four weeks with minimal distortion of the 
parenchyma. If lung tissue of the remaining segment is damaged during 
operative dissection or if sutures are taken, local fibrosis and distortion i-csults. 
Occlusion of the bronchus or pulmonarj' arterj' to the wounded segment also 
alters healing. Following resection of an anatomic segment of a lobe, it is 
unneeessarj' and probably unwi.se to plcuralisc the surface of the lung wound. 
It is suggested that segmental lobar rescetiou in human lieings be abandoned 
for an alternative procedure if the operator cannot dissect easily in the inter- 
segmental plane. Many postoperative complications of segmental excision are 
related probably to undue trauma and residual disease at the line of resection. 
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REPORT OF SERIES OF SINGLE-STAGE THORACOPLASTIES 

IL C. Laird, F.R.C.S., and (by invitation) C. B. Lindenfield, M.D. 
Toronto, Canada 

INTRODUCTION 

I N THIS paper it is proposed that single-stage thoracoplasty is the operation 
of choice for many patients. 

Originally it was intended to compare the results of single-stage and multi¬ 
ple-stage tlioracoplastics. This comparison, however, was later considered im¬ 
practical becansc indications for thoracoplasty five or six years ago were different 
from the ones that e-xist today and, since this scries began five .rears ago, our own 
multiple-stage procedures could not bo u.sed ns eontrols. 

This series was begun cautiously because nil generally accepted standards 
indicated that a single-stngo procedure was hazardous. Those standards de¬ 
veloped out of the many disasters that occurred in the earlier period when 
thoracoplasty was an extensive, single-stage operation with the removal of many 
nbs. The pendulum swung from this extreme to the opposite, a patient having 
to undergo several major operations in which one, two, or three ribs were re¬ 
moved each time. We believed that with the improvement in anesthesia, surgical 
technique, and methods for the control of shock, more extensive resections could 
be undertaken. 

The early cases consisted of patients with unstable minimal disease in whom 
we were unable to establish artificial pneumothorax. After periods of observa¬ 
tion varying from four to eight months, it was decided to produce a selective 
collapse by thoracoplastj', which would approximate that resulting from an ideal 
selective pneumothorax. 

Since the results with these early small thoracoplasties done in one stage 
were encouraging, it was decided to increase the number of ribs removed at one 
operation in selected cases with more extensive disease. 

If this could be done safely tliere would be certain evident advantages. 
Instead of two or more operations, one would sufiSce. The interference with 

Heart ijeforo the Thirtieth Annual Meetins of The American ABsoclatlon for Thoradc- 
ounrery, Denver, Co\o^ April lE-18. 1950. ' 
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collapse of the apex, due to resistance created 133 ^ organizing tissues or early rib 
reformation often encountered at a second stage, would be avoided. In many 
eases this would result in adequate collapse being obtained, by removal of fewer 
ribs. 

As our ex])erience increased, the complication most frequently considered 
a definite contraindication to this type of procedure, namely parodo.xieal move¬ 
ment of the chest wall, failed to appear elinieally' to any significant degree. We 
found, in addition, that postoperative .shoelc was considerably less than that 
which usually followed the second .stage of a standard thoracoplasty. 

In this series 55 per cent were ca.ses in which no jircvious collapse therapy 
had been attempted. 

Since these patients were carefully selected, they all had the prime requisite 
for successful sui-geiy—good general condition. 

Age is not particularly important, the patients in this group ranging from 
16 to 65. The age distribution as showi l\v Table I is approximately the same 
as that for any' comparable group. 


Table I. Aoe Gnoops 


UNDER 20 YEARS 

20 TO 30 YE.vns 

30 TO JO years 

40 TO 50 YEARS 

50 TO 60 YEARS 

7 

32 

• 21 

9 

■ H 

(16) 




It is naturally preferable to deal with unilateral disease but, as our figures 
show, this typ^o con.stituted only' 40 per cent of the series. The location of the 
diseased ar-ea to be collapsed is important and should be confined to the upper 
pulmonary area. There is no ditference of statistical significance betAveen right 
and left lung. The patient should be kept under observation for a period of at 
least three and preferably' six months and in bilateral disease, correspondingly 
longer. Contralateral disease must be under control or at least stabilized. Be¬ 
fore the advent of streptomy'cin, artificial pneumothorax was used when it cox 
be successfully' initiated, otherwise a moderately' prolonged period of bed rest. 
However, sti-eptomycin, which we have xised extensively since 1947, and more 
recently' PAS have greatly' aided in the preparation of a patient for surgery. 


T.vble n. Disease. __ 

Unilateral 25 Bilateral 

Operative side minimal to moderately advanced 

Cavity _ 28 cases _ Size g jojjg:-_ 

Streptomycin is not given to all surgical patients routinely. Its use is m 
dicated in acute exudative lesions, bronchial disease, and where a mo era e^ 
large cavity' is to be eoUapsed, with the possibility of spread resu ting r 
aspii*ation of infectious material. In the fii’st two it is given four to six 
preoperatively, in the latter one xveek preoperatively', and in all instances 
tinued for at least one month postoperatively'. 

In cases where the disease extends into the loxx'er half of the 
fluently' use pneumoperitoneum in addition to antibiotic therapy. 
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Table ITT. PnoccDURK 


Left «i(lc 37 Right side 35 

Ribs por stupe 4 6 8 7 

Number of cases 20 36 0 4 


methods of thempy arc used at tlic same lime it is difficult to assess accurately 
their respective value. AYc do believe, however, that pneumoperitoneum is of 
some benefit in stabiliring mid-lung or lower lung disease. 



Flff. 2.—Ptvo-rlb thoracopla»ty. 


Investigation is begun -n-itli admission to hospital and a tentative opinion is 
given at that time aa to the possibility of surgery for each patient. If it is con¬ 
sidered a probability, any intervening treatment is -undertaken n-ith tliis in 
mind. Routine blood work, complete radiologic study including planograms, and 
bronchoscopy are done. All this work is repeated as indicated during the period 
of observation. We do not use the vital capacity test routinely nor have wo 
the facilities for bronchospirometrie estimation. 

Surgeons who aro on the resident staff of a sanatorium and who see patients 
day after day over a period of months or years, become quite adept in the clini- 
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cal evaluation of the individual patient. During the period of personal observa¬ 
tion, if a patient at any time shows enough signs of dj’^spnea to indicate the 
desirability of a vital capacity test, we consider that, in itself, a contraindication 
to the single-stage operation. 

The operative procedure is done under endotracheal cyclopropane anesthe¬ 
sia, supplemented by small amounts of ether. 

The incision parallels the medial border of the scapula, and extends from the 
base of the neck to the anterior axillarj’^ line. The muscles, are sectioned and 
the serratus fibers severed from the second rib. The first rib is removed en¬ 
tirely up to, and often including, the costal cartilage. Depending on the extent 
of tlie disease, all or moderatelj’- large portions of the second and third ribs are 
resected. Portions of the remaining ribs, four, five, six, or seven, are removed 
in such a way as to provide gradual tapering of the thoracic cage. The trans¬ 
verse processes of all ribs involved arc reseetcd routinely except that of the first. 
The incision is closed in layei's with the scapula outside the ribs when the num¬ 
ber removed is not more than five. When the sixtli rib is taken out the position 
of the scapula is ignored and it often falls of its oum accord behind the ribs. 


Table IV. Sputum Conversion 


3 MONTHS 
25 


Preoperativo sputum 
Positive 
Negative 
Conversion 
Persistent positive 
Source 

Operative side 
Bronchial disease 
Patent cavity 
Opposite side 
Persisting preoperativo 


4 MONTHS 
6 


5 MONTHS 


5 


6 MONTHS 


4 




Table V. Postopbriative Hospitalization. 


6 MONTHS _ 6 TO 12 MO NTHS 12 TO 18 MONTHS IS MONTHS 

7 35 (Av. 9 mo.) 18 (Av. 15 mo.) 7 

Discharge 59% 9 roontha postoperatively 


18 months 


IN SANATOIUUIt_ 

4 


3 to 5 years 
(13) 


2 years 
(35) 


1 year 
(24) 


WORKING 


Table VI. __ 

- maximum benefit in san atom^ 

1 1 . 

(retired man, 65 (asthmatic) 
years old) 


(retired man, 65 
years old) 


J. 

(disease, opposite 
lung) 

3 

(1 bronchial, 

1 bone, 

1 revision) 


Recovery 
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All patients rcceiro intravenous saline during the operation bat routine 
transfusion of whole blood is given only when six or seven ribs are to be removed. 
This is due to our comparatively isolated location and our limited local supply 
of blood donors. 

Postoperatively, dressings are applied tightly with adhesive. Sedatives are 
used as required. Alt patients spend a large part of the first forty-eight hours 
in an oxj’gen tent and appear quite comfortable within twelve hours. 



Flff. 3,—SU»rlb tborocoplMty. 



FIr. 4.—Seveti'iib thormcoplaaty. 


In this series postoperative shock has been negligible and, as the operative 
technique is standard, we feel that some of tlie credit must go to our staff 
anesthetist.* Anesthesia is induced quickly with no distraction for tlie patient 
and continued at a light surgical level. The patient is usually awake within 
a few minutes following closure. 

Other than the dressings applied at operation, which are taken off ten days 
postoperatively when the sutures are x'cmoved, we use no padding, harness, or 


*Dr. aoTdtm Rlchard*on. llujkok*. Hospital, Gravenhurst. Ontario. 
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Other device to compress the collapsed area. The patient is constantly reminded 
to keep the head slanted to the operative side and to begin movement of the arm 
as soon as it can comfortably be done, which is usually in a few days. 

The results of this series we believe compare favorably with those obtained 
by multiple-stage procedures. 

Table IV shows .sputum conversion occurred in 25 eases within 3 months, 
40 cases within 6 months, and 50 eases within 12 months. Of the remaining 8 
cases, 4 became sputum negative on a second course of streptomycin therapy, 
and 1 required a revision with more extensive resection. 

In considering postoperative hospitalization, it must be remembered that 
we are dealing with tuberculosis which is a chronic constitutional disease. Con¬ 
sequently tlie accompanying table of postoperative hospitabzation shotting the 
length of time a patient remains in re.sidence after operation, is not of para¬ 
mount significance in judging the success of the procedure. As it is, instead 
of speeding up discharge tve usually have to use all our powers of peitsuasion to 
keep the patients in residence for a period which, in our opinion, is long enough 
to ensure continuance of recovery'. 


SU51JIARV 

We have presented a scries of 72 eases of one-stage thoracoplasty with a 
minimum follow-up period of sixteen months. We would lilce to submit tliat 
this procedure is justified in a certain number of cases and find that with present 
extended and intensive antituberculo.sis campaigns, an evei-increasing number 
of eases fall into this select group. We have completed 21 one-stage procedures 
since this series. Of these 12 were six-rib and two seven-idb operations. We are 
A'ery satisfied with the results. 


CONCLUSIONS 

1. Complete thoracoplasty in one stage is a safe procedure in pi-operly 
selected cases. 

2. The one-stage thoracoplasty' often permits adeqnate collapse to be ob¬ 
tained by' the removal of fewer rilis than would be necessary in multiple-stage 
operations. 

3. One operation is preferable to two or three if the results are comparable. 

DISCUS-SION 

DE. JOHN ALEXANDER. Aim Arbor.—Dr. Laird’.s and Dr. Lindenfield’s 
interesting and challenging and their results arc very good. As part of a critical ana 
their proposal, I am imprc.ssed by (1) the relatively ine.vtensive lesions illuEtrate 
ber of the preoperative roentgenograms shown in the lantern slides and (2) Dr. ir s 
ment that a considerable percentage of the patients had had no previous collapse 
several temporary phrenic paralysis operations with or without a phrenic belt °^^P^ 
peritoneum, or pneumothorax might have been expected to bring about a recovery 

some of these patients. ■ • 1 • xtensive 

I doubt if the demonstrated safety of a one-stage thoracoplasty for relative y ine.\ 

lesions would be dupbeated in cases in which the lesions are ns extensive and 

for which thoracoplasty is so frequently used in many eludes. In the by 

ties are often large, the sputum amount great, and the patients are frequent y e 11 
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prolonpeO toborculosi^. In such en»es a onc-atnge thonicoplnstj’ of rIi or aevon ribs 
would, I bollcre, oxposo the patient to the real dangers of a sudden, great collapse of the 
extmire tuberculons lesionfl and to the exaggerated paradoxical respiratory movements that 
notoriously aro likely to CR’cur when even os few ns four or live ribs have been'widely resected 
in patients who have many pulmonnrj* recrofions to cough up and who may be dyspneic. IVhen 
there is such paradoxical respirations, sputum is difficult to raise adequately and, under this 
circumstance, a spread of tho tuberculosis in cither or both lungs, or atelectasis, often ocenrs^ 

"WTien tho extensive ono-stago Brauor-Prledrich thoracoplasty was used 43 jmnTs ago, the 
mortality was eo high that it was soon abandoned. Tlie pendulum then swung far in the 
opposite direction when ‘Wilms and Bauerbnich resected only narrow paravertebral segments 
of approximntefy eight rif)s; although this operation was osually performed In one stage, 
it was mucli safer than tho Brauer-Friedricli operation, presnmably because of the total length 
of tho resected ril>s was so much less. As tho percentage of complete healing of the tuber¬ 
culosis after the Wllms-Snucrbruch tlioracopinrty was disappointingly low, tho Brauer- 
Friedrich type of operation, performed in mulriplo stages, was UnalJy adopted aa I;cing both 
elTcctive and safe. 

I believe that if an extensive onc-atngo ihorocoplnsty for extensive far-advanced tuber¬ 
culosis should Iw used, the mortality rate would be high, and that tlie operation would then bo 
rejecteil. 

DR. FRANCIS il. WOODS, Braoklioo, Mass.—As Dr. O’Brien reminded us in his 
address, multlplc-stago thorucoplnsty when properly done is one of deserved reputation and a 
mainstay in surgical treatment of pulmonary tul)ercolosift. Physical setback, psychic trauma, 
and cost attending multiple stages have, ncvertholcjw, Iteen a source of disappointment. We 
would advise great caution in increasing the extent of single-stage operations unless some 
prmciplo is used to overcome paradoxical movement of the decostaJiied chest wall Wo have 
devised a two-stage procedure which applies this principle, and has been used since December, 
1048, in 70 cases of caritnry disease, Including many with extensive or bilateral cavitation, or 
both. Twenty patients were 50 years of age or older and, of these, B were 00 or over. 

(Slide.) At the first stage the periosteum ia stripped from aR tho ribs that would be 
fwnoved in tho usual multiple stages. We have stripped a momixmura of nine ribs at one time 
and this was well tolerated. 

(Slide.) The ajmee between the ribs on the outside and the intercostal bundles and 
periosteal beds on tho inside is filled with Lucite balls, thus immobiliring the chest vrall. In 
addition, a good layer of tissue with abundant blood supply is interposed between the long 
and plombage. Tho incision is closed. 

After four weeks there is adequate fibrosis and rib regeneration in the chest wall to 
prevent paradox. The second stage is done, remoring the Lucite lialls and the deperiostealincd 
ribs, including tho transverse processes and the first rib. 

Tho sputum has been converted in 10 out of 20 patients, on whom operation was com¬ 
pleted more than six months previously. There have been no infections. The danger of late 
Infection or erosion is eliminated by the second stage. The collapse obtained at a single sit¬ 
ting is better. Dr. Ovorholt and Dr. Kenny of our group arc attempting to perfect a proce- 
duro which \vi]l do away with tho second stage by fixing tho dcperiostenliiod ribs in an inverted 
position to stabilito tho chest wnll. 

dr. F. B. berry, New York.—I have three slides which I vrish to show merely from 
an historical standpoint, because when I first became a member of this Association and before, 
many at that period >vcTe doing thoracoplasty in a single stage and took out nine, ton, or 
eleven rilis at one time; roughly, as I recall, the resnlts were looked upon as alwut in three 
equal parts—33 per cent died, 33 per cent had pretty good results, and 33 per cent went along 
with thoir disease uninfluenced or made worse. 

These three slides show a thoracoplasty as it was done at that time and one of this 
patient taken a month ego. The operation was done when she was 14 years old. It is not the 
typo of thoracoplasty we do today. She sms one of the 33 per cent good results and she haa 



842 


THE JOURNAL. OF THORACIC SURGERY 


earned her living over since. .She has no deformity and is now going along happily, and I 
thought that particularly some of the younger members, who were perhaps not even thinking 
of medical school when this patient was operated upon, might like to see them. 

(Slide.) This is the original condition of this girl, with an e.xtensive infiltrating lesion 
throughout the right side for which she was giv'on pneumothorax. 

(Slide.) Then she had the pneumothorax with a long stringlike adliesion. This was 
before the days of internal pneumonolysis, so no attempt was made to sever tliat. She also 
developed fluid, and Dr. J. A. Miller and Dr. A. V. S. Lambert believed that the next step 
should bo thoracoplasty, and certainly from the standpoint of function and longevity they 
were right. 


DE. CMAELE.S P. BAILEY, .Tenkinto\™, Pa.—I did not intend to discuss this paper 
but feel that in justification to Dr. Laird and Dr. Lindcnfield wo must report that we, too, were 
rash enough to do a few largo thoracoplasties in one stage. We have operated upon 15 or 
20 patients recently, doing six or eight ribs at a time. We took off the transverse processes 
and the upper three or four cartilages. AVc wore impressed by the fact that these patients 
did not have very much surgical shock, nor great paradoxical breathing. It does seem that 
things are quite different from a few years ago before we had the antibiotics, when resection 
of only three or four ribs sometimes gave us many anxious hours. We believe that probably 
the greatest factor in this changed situation is the better management of secretions, and per¬ 
haps pretty good selection of cases. We do not do any borderline cases by the one-stage 
thoracoplasty. 

Wo have found that if we attended to secretions the patients did not have much trouble 
with paradoxical breathing. If there was any evidence of excessive bronchial secretions, we 
bronchoscoped them immediately. And if that seemed to be required repeatedly, we did not 
hesitate to perform a tracheotomy, and did so in four cases. There was no mortality in this 
series, and in each instance the collapse was perhaps somewhat superior to that obtained m 
the usual staged procedures. 


DE. LAIED (closing).—Dr. O’Brien warned me that the roof would fall on us; for- 
timately we are still here. I quite agree with Dr. Alexander, naturally, that these patients 
are not the extensive and sick patients that are possibly most suitable for thoracoplasty. 
This is a select group; many of them have had pneumothorax attempted; many are primnrj 
thoracoplasties. I think the swing has been toward more frequent thoracoplasties in recent 
years of a primary nature—that is, for localized lesions, localized apical lesions, in an other 
wise well-controlled individual. I believe that in that type of patient, this operation of one- 
stage thoracoplasty is safe; we have had no mortality in this group. It accelerates the pa 
tient’s recovery and I think, keeping in mind these factors and the selection of cases, that it 
is a safe procedure. 



FURTHER EXPERIENCES WITH SEGMENTAL RESECTION IN 
TUBERCULOSIS 

J. JIaX\\'EU, CnAMBBJtLAIS, M.D.,* AND (bY INVITATION) 

Robert Klopstock, New York, N. Y. 

INTBODECnON 

S EGMENTAL resection of the lung is comparatively new in the surgical treat¬ 
ment of tuberculosis. Its objective is to remove not only the diseased com¬ 
ponents but to preserve the maximum amount of normal lung as well. Though the 
procedure was done witli some hesitancy at first,’’ ’ nevertheless wo wish to pre¬ 
sent our experiences with the first soventy-fivo consecutive cases done in the last 
two and onc-haU years. "We are anxious to draw no conclusions at this time be¬ 
cause the number of cases is too small and the follow-up period is too short for 
definitive cvalnation. Suffice it to say that tlio results have been such that we are 
encouraged to continue its use in carcfnlly selected cases. 


OENERAL CONSIDEHA’nONS 


lietisiance, both systemic and local tissue immuniUj, is jnst as important 
to the success of segmental resection as in all other forms of therapy in tubercu¬ 
losis. Resistance, we all know, often compensates for the limitations of sul¬ 
cal therapy, but a major surgical operation rarely alters the course of a tuber¬ 
culous patient who has little or no resistance. Proper timing of the operative 
procedure in tuberculosis has been repeatedly emphnsired by John Al^dor 
and other early workers in this field. This was another way of warning the 
surgeon not to operate upon a patient who lacked resistance, and our b^ results 
in segmental resection have been in patients who had this important ctor. 

Resistance is a difficult entity to define, but its existence usually is based 
upon the composite picture. The age, race, and family history formulate the 
patient’s background; the presmU illness reveals the degree and duraGon of 
toxicity up to the time of surgical consideration. The changes m the p yst 
findings (observation, palpation, percussion, auscultation), tte vital signs (tem¬ 
perature, pulse, and respirations), laboratory studies (sedimentation rate, red 
blood count, hemoglobin, etc.), sputum changes (character, amount, actor 
tent), the x-ray evidence (calcification, elevation of interlobar fibres and hilum, 
mediastinal shift, intercostal narrowing, scoliosis, elevation of diaphragm, ^lu- 
tion, and locaUiation), and finally the very important but intangible factor, 
general condition (appearance, appetite, weight, etc.), when all ad toget er, 
accurately evaluated and properly weighed leads one to the condition that the 
patient either does or does not have resistance. To the patient itufh resistance, 
surgery is a great adjunct. 


Work Cone ot Triboro HowRal. SL Altoh. Na™l Ho-nplUl. Hanorun V«.r«. AdmlnUtxu- 
Uon Hospital and Bollevne Hoapltal. . a _i 

Rtad before the Thirtieth Abnuol Meetinc of The Amerlcen AMOclaUon for Thoracic 
SurBory, Denver, Colo., April 30-18, 1050. 

•Thoracic Surgeon, Pack Medical Group. 

tAaslitant to the Director of Thoracic Sur*en'. Triboro Hospital. 
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culosis, however, have little regard for these indefinable borderlines, and often 
at operation the residual e\adence of the previous inflammatory reaction can 
be recognized in the form of “fibrous scarring” as the intei-segmental plane is 
developed. ^Vhen this reaction is severe and progress along the normal anatomic 
border too closely approaches the active disease, an adjacent subsegmental 
bronchus may be palpated, isolated, di-vided, and tbe subsegment removed mth 
the total specimen. 

The vascular pattern as pointed out by Boyden and Scannel is characterized 
b.v its inconsistency, but the bronchial tree is more reliable. Therefore, the 
proper bronchus should be identified and di\ided fii-st. The bronchus can be 
identified first in both superior segments of the lower lobes and the posterior 
and apical segments of the right upper lobe, but on the left the apical-posterior 
bronchus is concealed usuall}’ by one or two arteries. No arteries concealing the 
apical-posterior bronchus, however, should be ligated until all branches to the 
left upper lobe have been identified. The origin of the artery' to the left an¬ 
terior segment has come off the parent artery to the apical segment on occa¬ 
sions, and in two instances it has come off just proximal to the lingular arterJ^ 
The latter, on the other hand, may originate as one or two vessels, or may come 
off of the anterior segmental artery in front of the bronchus. These experiences 
and the teachings of Bo.vden and Scannel have made us veiy cautious about 
ligation of any vessel on the left until all are \usualized. Traction upon the 
distal bronchus soon discloses the associated artery which is isolated, ligated, 
and also divided. Gentle traction then on these two structures permits the sur¬ 
geon to begin the segmental resection. 

The veins, however, deserve separate consideration. They lie in the inter- 
segmental plane and receive tinbutaries from the segment to be removed as 
well as the segment to be left behind. The small tributaries from the segment 
being removed are often torn acro.ss at their junction with the intersegmental 
vein before they are actually identified. Othei’s are large enough to be ligated 
and di-^nded, but it is a good general rule to delay the division of any vein until 
absolutely necessaiy. In some eases the pre%ious inflammatory reaction has so 
altered the anatomy that it is extremely difficult to preserve the intersegmental 
vein. Howmver, other collateral channels are available for venous return if the 
intersegmental vein is damaged or ligated. Usually, the intersegmental vein 
can be preserved. 

COJIPLICATIONS 

The number of complications, have decreased as our experience increased. 
The last forty-one consecutive cases have been done without a major comphea 
tion or death. AVe previously made the statement that the morbidity in seg¬ 
mental resection was greater than after lobectomy. Our experience now wi 
more than 250 segmental resections for all tyT^s of puhnonarj^ disease allows 
us to believe that not only the morbiditj^ but the mortahtj^ rate (2.4 per cent 
is no greater than after lobectomy. 
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MINOR COMPLICATIONS 

The nbsonco of operative spreads was a surprise fiiiding. The two spreads 
which occurred later wore associated with the development of a bronchopleural 
fistula. Local exacerbations in the intersegmcntal plane were not detectable, 
if present. 

One small superficial wotind infection had been incised nnsuccessfullj' on 
two occasions. The patient's sputum was repeatedly negative on culture. 

Tliere were two failures of the lung completely to reexpand and obliterate 
the pleural cavitj'. One of them (W. T.) was in a patient who also had a 
decortication of the entire lung at the time of segmental resection. In both 
patients the spaces wore obliterated by removing short posterior segments of 
ribs 4, 3, and 2. The resection in each case bad been done through the 5th rib bed. 

MAJOR COMPUCATIONB 

There were six patients who developed a bronchopleural fistula and were 
automatically elassificd ns empyemas and reexpansion failures. In only two of 
these was there evidence of extension. Now one is culture negative after addi¬ 
tional surgery, three are persistent (one of these is negative), and two died. 

One patient (L. S.) had the left apical-posterior segment removed, developed 
a bronchopleural fistula which failed to close by a myoplasty and thoarcoplasty. 
A pneumonectomy was then done. The patient is now well and the sputum is 
culture negative. 

Another patient (6. H.) had the same postoperative misfortune and now 
has a small bronchopleural fistula after tlie pneumonectomy. Her sputum is 
culture negative. She is still very ill, however. 

Another patient (J. B.) who had bilateral small ca^^tie8 developed a bron¬ 
chopleural fistula after removal of the loft apical-posterior segment and has had 
three attempts at closure by myoplasty and thoracoplasty. We now believe 
the positive sputum from the opposite chest infects our grafts and working en¬ 
vironment which slowly breaks down after each surgical attempt at closure. The 
next surgical attempt wiU be directed at the source of the positive sputum in the 
opposite lung. 

Another patient (G. P.) had a contralateral pneumothorax, and it was 
planned to do an apicosposterior segmental resection if technically possible. 
Laminograplis, however, suggested considerable disease in the anterior segment 
of the left upper lobe. A preliminary small thoracoplasty was done in view 
of the possibility of a lobectomy. At operation the decision was changed from 
a segmental resection to left upper lobectomy. The fissure was obliterated lie- 
tween the apex of the lower lobe and upper lobe because of disease on both 
sides of it; therefore, the superior segment of the lower lobe was taken rather 
than divide the fissure. The superior segment in this case was a very large one, 
and the three remaining basilar segments were entirely too small to fill a re¬ 
duced but relatively large pleural space. The upper two-thtrds became opaque 
after operation, the tub^ plugged, and it was felt that a serosanguineous coag- 
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ulum lind developed which filled the upper chest. On the seventh postoperative 
daj^, streptokinase was introduced into the region of the eoagulum, and one hour 
later the patient opened a bronchopleural fistula and .spat up about 600 c.c. of 
serosanguineous material. During the year that followed he developed fluid 
on the side of the pneumothorax, this became turbid and positive for acid-fast 
bacilli. Later he developed a homologous .serum hepatitis from repeated blood 
transfusions, re-expanded his contralateral lung, and though his general con¬ 
dition is poor at the present time he is gaining weight at the rate of one pound 
a week. His sputum is positive and his fistula still open. 

Two other patients died, and are reported below. 

EXACERBATION.S 

Late exacerbations have occurred in five instances. In one instance (A. E.) 
several months after discharge a small shadow ap])eared in a follow-up x-ray 
on a patient whose sputum had been repealedl.v negative to culture examinations. 
The patient was asymptomatic but had one positive sputum culture. The 
shadow disappeared one month later after administration of streptomycin at 
home. Sputum cultures ai'e now negative. 

Another patient (G. A.) subsecjuent to discharge developed an intermittently 
positive sputum culture. Hospitalization, bronchoscopy, x-ray.s, and lamino- 
graphs have failed to disclose the source of the positive culture. He is inter¬ 
mittently positive on gastric lavage. This patient has had no prolonged post¬ 
operative streptomycin, and probably has a bronchial ulcer beyond the vision 
of the bronchoscopist. 

Another patient (kl. D.) with lymphohematogenous tuberculosis and a posi¬ 
tive urine had a right upper lobectomy and segmental resection of the supenor 
segment of the right lower lobe. Six months after several negative sputum cul- 
tui’es she reactivated an old lesion in the right lower lobe and became positive. 
A temporary phrenic crush and pneumoperitoneum failed to change the resid¬ 
ual shadow in the right lower lobe. Resection of the right middle lobe and 
basilar segments of the right lower lobe has converted her sputum cultures. 

Two other patients (E. G. and R. P.) have late exacerbations and have not 
yet cleared on conserative therapy. Neither had streptomycin before, during 
or after operation. 

FATALITIES 

One fatalitj' occurred in the first 25 cases. The patient was a 57 -year-old 
man. The operation was easily accomplished, and the patient was considered 
in good condition twenty-four hours after operation. He requested a glass of 
water and, a few minutes later upon the nui'se’s return, re.spirations had ceased 
and he was pulseless. Autopsy revealed a collapsed lung on the side of the 
operation, but the intrapleural tubes had not been clamped post mortem; and 
breath sounds were heard just pi-ior to death. The patient’s family then re¬ 
ported he had had two “heart attacks” prior to the hospitalization which he had 
not disclosed fearing that the operation would be denied him. A preoperative 
electrocardiogram was essentially normal. 
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A second fatality occurred in a liealtliy 30-ycai'-old man. During the re¬ 
section of tlic inglit apical and iiostciior segmonls, tlie caidty was entered by 
accident. Tlio intersegmental plane liad lieoii destroyed liy tiio inflammatory 
reaction. In retrospect a lobectomy sliould liave been done. A broncliopleural 
fistula dovelo])cd, tlie lung failed to expand and obliterate the dead space, an 
empyema occurred, and the jintienl spread to the lower lobe on the side of the 
operation. Approximately nine months later a pneumonectomy was done ns a 
desperate gesture to avoid an anticipated fatality. At the end of the operation 
an anesthetic accident accountwl for the patient's death. The outcome might 
have been the same had the accident not happened. 

The third fatality occurred in a 40-yenr-oId patient who had had a righi 
7-rib dioracoplasty sub.sequeiit to which he had a bilateral extensive spread. 
The Innga eloareil excciit for a cavity in the apic.d-postei ior segment of the 
If/f upper lohe. Function was greatly reduced, ami therefore a left extrapleural 
paeumothorax was done hocauso it could be done umhr local anesthesia and is 
a rcvcrsihle procedure in the first few days, lie stoo l tlm operation fairly well, 
and six weeks later a thoracoplasty was laid down to maintain the collapse 
obtained by the extrapleural pneumothorax. The .'.pulma remained positive, 
and tomogrnitha disclosed a canty beneath 'lie tlioim-oidasl', b’nnctional studies 
(broncho-spirometrj') at this time were iHjixb'rlinc. A scumcnfal resection of the 
apical-posterior scgnicnt was done Itciieatli the thoiacoplaKty. The patient de¬ 
veloped a bronchopleural fistula and a small (inpycmj which was drained, lie 
lost ground, gradually became more and inoie debilitated, and died ten months 
after operation. The sjmtum was negative, ami autopsy revealed no active dis- 
oasc. Caaso of death was respiratory insufficiency. No active disease was pres¬ 
ent in tho specimen and patient's siiutum was (uiltnre negative at the time of 
death. 

uiscussiox 

INDICATIONS 

The indication for this jiroccdnre may he infeircd from the term segmental 
resection. In other words, wlien the main olfending focus is well localized to one 
oe two segments, consideration should be given to tliis procedure. The final de¬ 
cision, however, depends upon many of the .same prerequisites used in selecting 
a patient for lobectomy. Though some of our patients would have been poor can¬ 
didates for a successful thorecoiilnsty, many of them would have had a thora¬ 
coplasty and probably a snceessful one in otlier mirgical environments. AYo must 
admit, but with some liesitaney, that in localized lesions we arc usmg segmental 
^section not only instead of, hut in preference to n thoracoplasty. Some, of 
course, are done in conjunction with a thoracoplasty, but the dimensions of tho 
^0 procedures are mucli smaller than wdien only a thoracoplasty is done to con¬ 
trol the fociLs. 

The operation is a meticulous one and the statement above must lie modified. 
The morbidity and mortality rates after a thoracoplasty are low in the year 
dhSO. This was not true twenty-five years ago. The morbidity and mortality 
cates of segmental resection are greatest now'. As onr experience increased they 
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became increasingly low. The morbidity and mortality rates in tlie last fortv- 
one consecutive cases have been comparable in every way to the thoracoplasU- 
figures. Our an.xiety now is directed toward the late follow-up results. 

In retrospect, our mistakes arc obvious and many can be avoided in the 
future. In the beginning we were cautious in oin* case .selection, and there were 
fcAV complications in the first twenty-five ea.ses. Then we grew bolder and ac¬ 
cepted a few hazardous risks. Our complications and deaths occurred during 
tliis period. Upon returning to the well-localized lesion in the patient wtb 
resistance our major complications have di.sappeared for the moment, at least. 
To cstabli.sh segmental resection as a reasonable and secure solution in selected 
cases we Avish to emjihasize the following principles in management. 

I-AMINOGRAPHY' 

Laminograpby, especially the lateral '‘cuts,” as recommended by Klop- 
stock’''- are essential to accurate cA-aluation of the disea.se and its location. 
Undoubtedly, those aaIio Avere first engaged in resection therapy made many 
mi.stakes because neither laminography nor steroscopie films Avere used in case 
selection. Laminography has giA-cn us fcAv, if any, false leads. In fact, hy 
crosschecking the surgical siiecimcn Avith the laminograms our confidence in 
such studies has increased. Also at the time of segmental resection the palpation 
of small indolent or actiA'c foci is lass accurate than serial x-rays and lamino- 
graphs in determining the activity of a lasion or given focus. On occasions at 
operation we liaA'c changed our deei.sion from segmental resection to lobectom.A 
because of s-raall jialpable foci in the anterior segments, only to have the pathol- 
ogi.st inform us that the lesions in the questionable segment Avere firmly and 
securely healed. At prasent aa’c arc remaining faithful to the preoperatiAC 
recommendation AvhencA’er it is tcehnicallA' possible. 

Furthermore, the lateral “cuts” usually outline the fi.s.sures and the com¬ 
pensatory spacefilling aspects of the residual segments may be estimated. For 
example, the position and size of the anterior segment on the right is knoAvn as 
soon as the middle lobe fi.s.suras are located; or the size of the apical and posteiior 
segments may be estimated upon identification of the fissure between the supeiioi 
segment of the lower lobe and the upper lolic. In this series only three patients 
haA’e not had laminographie studies. 

STREKTOAIYCIX 

streptomycin Avas used in SO per cent of the cases. In selected cases Avith 
AA'ell localized lesions and little or no sputum streptomycin AA’as not used. 
use of streptomycin is designed to accelerate the localization and maturity o a 
lesion. Its administration before operation must be individualized. 
tients may be prepared in one week, otheis in three or four AA'ceks. Its use a 
operation is also Amriable. In general it should be continued for six aabb' 
three months after operation. Based upon the Avork of Meisner, ^ i son, 
Overholt who demonstrated microscopic intramural tuberclas at the pom 
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bronchial division, it miglit bo used routinely to sccni-c flmi healing of the 
liroiichus. Also nt the time of segineiitnl iTscctioii small indolent or active 
residual foci may bo loft lioliiiid. 


REEXPANSION 

Obliteration of the dead space after operation is considered an important 
prineiple in the prevention of a tuberculous empyema. Physicians years ago 
were aware of this jirinciple in the management of a pneumothorax. When an 
empyema was imminent the lung was quickly ree.xpanded to avoid maturity 
of the empyema. It must be assumed Ibut the pleural space is always con¬ 
taminated during resection therapy, but still the development of an empyema 
is rare after a segmental re.scction if this principle is respected. 

The dead space cannot be obliterated early after a pnenmouectomy, but 
the pleural cavity, like the peritoneal cavity, cun defend itself against a mild 
Infection provided the source of infection is removed or abated. At Sen View 
Uospital a eavity porforaterl into the pleural space ten days after a clased 
intrapleural pneumolysis. The surgical staff of this hospital treated the patient 
as though an appendix bad ruptured. The lobe was resected, and the pleural 
cavity obliterated immediately by iccxpaiiKion of the other two lobes. An 
empyema did not develop. Though streptomycin was also used, the same result 
might have been achieved without it. Ovcrbolt, for example, before streptomycin 
was available, has opened cavities and packed them with game befoi-e proceeding 
with the operation. He usctl this technique in large canties with largo amounts 
of sputum to prevent “spreads.” We have accidently broken into cavities 
during a loliectomy on patients who were cither streptomycin fast or were not 
given it prior to operation, but, if the dead space was obliterated, an empyema 
did not develop. 

The dead space in segmental resection is easily obbteratod usually. This 
is not true, however, if a lolicctomy and superior segment is to be removed. 
In such cases a preliminary’ “tailoring” of the thorax seems indicated and 
should be designed to fit the i-csidunl healthy components. Obliteration of the 
dead space after segmental resection is easiest in the first seventy-two hours. 
Daily x-rays and close attention to the mechanics of the intrapleural suction 
tubes during this period arc paramount. 

LOAVEK LOBE DISEASE 

Segmental resection finds its greatest usefulness when the disease is local¬ 
ised to the superior segment of the low'cr lobe. Disease in this location has 
been difficult to treat and, though pneumothorax, pneumoperitoneum, cavemos- 
tomy, and temporary paralysis of the diaphragm have been successful on occa¬ 
sions, in our experience these procedures have not been consistently reliable. 
Until segmental resection was tried it was our custom to do either an extensive 
thoracoplasty' or lobectomy, but always with a feeling of dissatisfaction because 
of the physiologic sacrifice. 
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FUNCTIONAL ASPECTS 

The functional gain by leaving in the anterior segment of the upper lok 
is not in itself significant. Its presence as a “filler,” however, is thought to 
be ext^eInel^ valuable to the function of the other pulmonary components. In 
segmental resection the degree of pulmonary distention is reduced and there is 
much less anatomic distortion of the tracheobronchial tree. 

The residual lobes after an upper lobectomy are ^mlnerable to infection, 
both tuberculous and nontuberculous, because of (1) the angulation of the 
tracheobronchial tree, and (2) the degree of overdistention. The elongation and 
foreshoilening of the bronchial tree with each re.spiratoiy etfort, twenty-four 
houi’s a day, supported by ciliaiy action and cough, accounts for our bron¬ 
chial hygiene. Segmental I’cseclion disturbs this balance least. 

In some cases of pneumothorax therajiy the I’ole of bronchial peristalsis 
is best appreciated. The bronchus to the immobile lung which has been 
“trapped” is “dirty” by comparison with the mortng opposite lung. 'The 
mucosa is often covered by a thin white or grayish precipitate which wipes off 
and leaves a red congested mucosa beneath. This was noticed in the “trapped” 
lung in nontuberculous war injurtes as well. Upon ree.xpansion, however, nor- 
lal hygiene is restored. Broncliial peristalsis is on duty continuously, and its 
protective importance cannot be overemphasized. The emphysematous lung 
with the patient in a jirolongcd inspiratoiy state cannot foreshorten the chron¬ 
ically elongated bronchial tree, and almo.st all emphysematous patients expe¬ 
rience, therefore, frequent episodes of pulmonary suppuration, and have variable 
amounts of bronehieetasis. 


SUMMARY 

Segmental resection in pulmonaiy tuberculosis is designed to remove the 
major pathologic focus with little physiologic sacrifice. Resistance and localiza¬ 
tion are essential to the desired result. Streptomycin not only accelerates ma- 
turit}" of the lesion, but may aid in bronchial healing. 

Cavitary pulmonary tuberculosis in man is a disease confined usually to 
the apical and postenor segments of the upper lobes and the superior segments 
of the lower lobes. Laminography, especially the lateral “cuts,” is paramount 
to accurate localization of the lesion. As the lesions heal and contract, slow com¬ 
pensatory distention occurs in the nonnal lung components. After segmenta 
removal the additional distention is slight and of little significance. 

The operation is a meticulous one, requires close vigilance in the early 
postoperative period, and if the dead space is obliterated early reexpansion 
of the lung, complications rarely occur. For this reason when a loheetomj an 
segmental resection are contemplated, one of five methods should be use o 
assure obliteration of the dead space. 

Three patients died, but the opei’ation as such was responsible for onlj one. 
Br the seventy-five cases, sixty-five (86.7 per cent) were ^^^^ure negative 
the follow-up period was short. Only Uvo spreads occurred m tlie entiie sen . 
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RESECTION IN THE TREATMENT OP PULMONARY TUBERCULOSIS 

J. Claude Day, M.D., W. M. Tuttle, M.D., E. J. O'Brien, M.D., Detroit, Mich., 
AND (by invitation) FOSTER Hampton, Jr., M.D., Chattanooga, Tenn., 
AND (by invitation) Truxton L. Jackson, ]\I.D., Detroit, Mich. 


I NCREASING indications for resection in the treatment of pulmonary tulier- 
culosis emphasizes tlie need for careful appraisal of its effectiveness in con¬ 
trolling the disease and of the hazards incident to its use. With better surgical 
and anesthetic techniques the trend is toward lower morbidity and mortality 
rates but even with streptomycin protection they arc still much too high. A 
recent report by SweeU concerning the late results of resection in 63 patients 
treated in the pre-streptomycin era presents an especially pes.simistic view of 
the range of usefulness of resection. Of 27 patients who had lobectomy, 9, or 33 
per cent, are dead; 6, or 22.2 per cent, arc alive with evidence of active disease; 
and 12, or 44.4 per cent, arc aiiparcntly well. In the pneumonectomy group of 
36 patients, 19, or 52.S per cent, are dead; 3, or 8.3 per cent, are alive vnth 
active disease; and 14, or 38.9 per cent, are apparently well. 

In 1947, Ovcrholt and associates'' reported a series that is representative 
of the early streptomycin era. Of 35 lobectomies, 11 per cent are dead, 57 per 
cent are clinically well with negative sputum, and 20 per cent were too recently 
done to classify. Thirty-three, or 48 per cent, of 69 pneumonectomies were 
living and well w’ith negative sputum; 17 per cent were dead and 16 per cent 
were too recent to classify. Tliey also point out the greatly decreased incidence 
of spread of disease and bronchopleural fistula. Although this lower incidence of 
complications must be largely attributable to streptomycin protection, the ad¬ 
vantage of the face-down position is thought to be a factor of considerable im¬ 
portance. 

Bailey and co-workei's^ in 1949, reported a comparison of results in 100 
resections Ainthout streptomycin and 100 resections Avith streptom 3 min. A 
marked reduction of contralateral tuberculous spread and tuberculous empyema 
Avas noted in the streptomycin treated patients. Thej’’ also obseiwed a marked 
reduction in mortalitj' in the patients A\dth acute pneumonic disease and exten¬ 
sive lung destruction in the streptomj'cin group. 

The results of the tuberculous resections done at the Mayo Clinic Avere re¬ 
ported in 1948 by Clagett and Seybold.'' There Avere 2 early deaths and 1 late 
death in 15 pneumonectomies and 1 late death in 14 lobectomies. Five ha 
active disease and 1 Avas untraced at the time of the report. Early spread oc¬ 
curred in 2 pneumonectomies (13.3 per cent). Late spread occurred in 
lobectomies (28.6 per cent) and 2 pneumonectomies (13.3 per cent). Tavo 
pneumonectomies developed bronchopleural fistula. Tuberculous empyema oc 
eurred in 1 lobectomy and in 1 pneumonectomy. One pneumonectomy was 
complicated by a nontuberculous empyema. 


From the Division of Thoracic Surpery. Herman Kiefer Hospital. Detroit, 
the Department of Surgerj-, AV^ayne University Medical School. Detroit. Jllcii. Thoracic 

Read before the Tlilrtletli Annual Meeting of The American Association i 
Surgery, Denver, Colo., April 16-lS, 1950. 
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Gale, Dickie, nnd Curreri“ rceoiitly reportod tlio results o£ SO resections ivith 
an operative mortality of only 2.5 per cent nnd a total fatality rate of 6.25 per 
cent, 83.75 per cent were negative nnd clinically well for varjung periods up to 
three years following operation. Ipailntcrnl reactivation or spread occurred in 
only 2 instances and contralateral spread in six. There were no bronchopleural 
fistulas in 47 pneumonectomies and only 2 in 33 lobectomies, 1 of which was 
classificil ns temporarj', tlie other ennsing death. The eliicf indications in this 
scries were thoracoplasty failure, 51.25 per cent, nnd bronchostenosis, 20 per 
cent. Of the 31 thoracoplasty failures, 26 had pneumonectomy nnd 15 had 
lobectomy. 

CT.INK'AI. MATFJllAL 

Tins rcjiort deals with the results of re.scctions for inilmonurj' tuliereulosis 
performed in our clinic from 194.7 to Nov. 1, 1949. Prior to 1945, only occasional 
resections iverc done for pulmonary tuberculosis nnd Avitli few cxcoptions were 
done by moans of the toumii|Ucl technique. Consequently, they have little 
statistical significance and are not included in this report. 


Tadij; T. Itrancno.x ror. PipaioNAav Toacacuiosis 


20- OPRIIATIONB 


I^liectoniv 

08 




rnoumonoctomr 

104 




Totnl 

202 




Tasi.k It. 

Type of Opehatiox nv Side 




Ix>l)octomy 

Oo 




night 




1.43ft 

33 









I’noumonectomy 

55 




Right 




Left 

40 





:\<K 

—.. 

— 


Totnl 



— — 


There were 202 operations performed u 
which were lobectomies nnd 104 of which were 
were done on the right side in 65 instances and oi 
were 55 right pneumonectomies and 49 left pnei 
Only 9 segmental resections were done in the 
they were not deliberately planned but wore 
avoid pneumonectomy when disease occurnvl la 
which the lesion was originally localired. In rj 
tious lobectomy was done in an effort to 
though the lobe or lobes allowed to remair. w 
palpable disease. 

One hundred nnd nineteen of the 
There were 36 (18 per cent) Negroe«.T •c-.'l.v,. 

one American Indian. Mention is rcr'l;. ;■ __ 

racial groups because of their known __ 
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The youngest patient was 6 years of age and the oldest 73. Tweatj^-two 
were 50 years of age or over and 2 were in the seventh decade of life. 

There was clinically significant contralateral disease in 87, or 43 per cent, 
of the patients. In 60 it was considered minimal or moderate in extent and in 
27 it was extensive. In the latter group 4 had ca^^ty and 10 had re-expanded 
pneumothoraces. 

Since streptomycin became available it has been used for preparation of 
patients for surgery and for protection during the postoperative phase. It has 
been a useful adjunct to operation but, ns is well knovm, its use is not always 
attended by success and certainly its misuse is occasionally attended by disaster. 

INDICATIONS FOR RESECTION 

The selection of lesions suitable for resection has been fairly well standard¬ 
ized as regards certain major classifications. Sucli obvious indications as failure 
of thoracoplasty, the presence of high-grade bronchostenosis and associated 
bronchiectasis are widely accepted. In this scries there were 71 thoracoplasty 
failures (35 per cent), 33 with bronchostenosis (16.3 per cent), and 14 (7 per 
cent) in whom the primar.v indication was tuberculous bronchiectasis. The true 
incidence of bronchostenosis is not indicated in Table m because of the in¬ 
clusion of at least 8 additional instances under the thoracoplasty failures. 


Table m. Indication's for Resection 


Thoracoplasty failure 

Broncliostcnosi.s 

Tuberculoma 

Lower lobe disease 

Tuberculous bronchiectasis 

Disease not suitable for thoracoplasty 

Destroyed lung 

Post lobectomy fistulo and empyema 

Other in dications ___ 

Total 



Tuberculoma as an indication must be considered sbghtly controversi 
largely because of definition. Thei'c were 26 in this classification, or 12.8 per 
cent. These are represented mainly by the solitaiy round or conglomerate 
lesions with or Avithout evidence of cavity, and by the so-called ‘ filled cavity. 
They are considered to be encapsulated caseous lesions with or ivitliout centra 
liquefaction and/or bronchial communication. Also included in this gioup are 
a few instances of multiple encapsulated caseous foci limited to a lobe. our 
additional cases originally tliought to be tumor bring the total in this group o 
30 or almost 15 per cent of all resections. 


Table IV. Other Indications 


LESIONS RESECTED—LATER PROVED TUBERCOLOUS 


Peripheral round lesion 

Atelectasis with negative sputum 

Abscess or suppurative pneumonitis 

Broncliiectasis __ 


Total 
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Lower lobe disease, long recognized as frequently uncontrollable by the 
usual collapse measures, is a logical extension of the indications for resection. 
In this category, without any effort to further elassify type of disease, are in- 
clndcd 22, or 10.9 per cent. In this gi'oup is to be found the ubiquitous and 
troublesome superior division lesion of the lower lobe 

Perhaps the most controversial of tlie indications is the upper lobe lesion 
for which thoracoplasty is ordinarily considered the procedure of choice. 'We 
believe that lobectomy should not be substituted for thoracoplasty where there 
appears to be reasonable chance for success with thoracoplasty and when there 
is not an obmous contraindication to thoracoplasty. We have selected 9 instances, 
4.5 per cent, in which either the disease or patient were considered not suitable 
for thoracoplasty. 

A few of these arc children rvith progressive upper lobe disease, one an 
adult with pectus excavatum, and the remaining arc tension cavities, or other 
lesions in which thoracoplasty failure seemed inevitable. 

Destroyed lung is seldom considered mi indication for primary resection 
except when duo to high-grade stenosis. Thoracoplasty is thought to be the 
procedure of choice and is followed by resection in the event of thoracoplasty 
failure. 

There ivas one patient who had had a lobectomy followed by fistula, 
empyema, and persistently positive sputum in whom pneumonectomy was com¬ 
pleted. 


Table T. Cojipuoations 


202 UESECnONS TOR rULMONAHT TfSniOULOSLB 


Plearal 

Fistula and empjemn 
nomatoma* 

Pericardial 

Efruaioo 

CouFtrictivo perkniditia 

Adhesive pencarditiii 

27 

5 

1 

1 


•Two required secondarj' opertitJon and evacuation of clot- 


The other indications as noted in Table IV represent lesions which were 
thought to be tumor or suppurative disease prior to operation but in which the 
true nature of the disease was established by the microscopic sections. There 
were 22, or 11 per cent, in which tlie preoperative diagnosis was incorrect. 

TECHNIQUE OF OPEBATION 

The Overholt face-down position is used routinely except for the occasional 
patient with a tuberculoma or other lesion from which minimal drainage of 
secretions is anticipated. 

During the past one and ono-half years anesthesia has been induced with 
pentothal and curare and maintained with intravenous procaine and endotracheal 
nitrons oxide and oxygen. Prior to the institution of this practice, the anesthetic 
agent used was endotracheally administered ether vapor and oxygen. 

The pleural cavity is entered tlirongli the periosteal bed of the appropriate 
rib. The lobe or lung is mobilized by separation from the parietes with sharp 
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dissection care being taken to avoid entering subpleural cavities or caseous foci 
of disease. Tlie structures at the Inliim are dissected iudividualiy, the vascular 
elements are ligated with silk, tlie bronchus is amputated, and the stump closed 
with end sutures of fine silk. Tlie stumj) is covered witli parietal pleura or 
other contiguous tissue whenever possible. 

All lobectomies have one or more thoractomy tubes placed in the pleural 
cavity and attached to water-seal drainage bottles until expansion is efteeted. 
The pneumonectomies are not drained. Pressures in the pleural space are 
maintained at optimum levels and streptomycin and jienicillin are introduced 
by frequent insertion of the aspirating needle. Careful attention to blood re¬ 
placement and fluid requirements is of course extremely important. Early 
ambulation and the maintenance of strict vigilaiicc as regards the evacuation 
of tracheal seei'etions contribute importantlj* to an uncomplicated postoperative 
eoui'se. 

COMPLICATIO.NS 

The development of bronchopleural fistula and empyema was by far the most 
important and disa.strous complication. Since empyema associated with fistula 
in the tuberculous are nearly always secondai'ily infected tuberculous empyemas, 
no effort was made to distinguish between tuberculous and nontubereulous 
empyema. In all except one in.stance, a fistula could be demonstrated in the 
empyemas complicating resection in this series. 

This very serious conqilication occurred in 27, or 13 per cent, of the patients 
and was a major cause of death. In 5 patients resection was undertaken under 
conditions that were favorable for the development of fistula and emp.yema. In 
3 of these empyema was already jire.scnt and in 2 there were pemistent bron- 
ehoeutaneous suiuses following cavernostomy. 

Pleural hematoma oceured in 5 patients. Secondaiy thoracotomy was 
necessary for the evacuation of clot in 2 of these. Absorption of the hematoma 
occurred in the othei's. 

Pericardial effusion was a late comiilication which contributed to death in 
1 patient with disseminated tuberculosis and enijiyema. Another patient Avith 
pericardial effusion and ascites is doing poorly many montlis folloAving operation. 
A third patient developed a con.strietiA'e pericarditis and required pericardec¬ 
tomy. There Avas one instance of adhesive jiericarditis. In all of these, it Avas 
noted that the pericardium Avas accidentally opened at operation. 

Table VI. Complications in BnoNciiopLEuuAL Fistulas Present Status 


Accop.ding 

TO Side and 

Type of 

Operation 

-- 



LOBE 

1 PNEUMONECTO.MY 

TOTAL _ 


RIGHT 

1 LEFT 

RIOIIT 

1 LEFT 1 

AA^ell 

Sick 

2 

0 

I 

0 

3 

8 

Improving 

Worse 

Dead 

Total 

1 

1 

1 

5 

3 

1 

1 

5 

O 

9 

8 

14 

1 

1 

1 

3 

5 

11 __ 

- 27 


In Table VI it is noted that the incidence of broncliopleural fistula is mud 
hi'^her in the right pneumonectomies. This is attributed to the fact la 
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Table ^^L Compucations 


202 RESEmOSfi FOR POLilONARY 

TimErvCrLOBiB 



Spread nnd/or exacerbation 




Following lobootomv 




Contmlnteml 


S 


Ippilateml 


8 

10 

Following pncunionectomj- 



11 

Total 



27' 

•Both Ipsllnteml RnQ contrtvlftlenvl In 2 ratlente. 




table Vlir, SracADS or Exacerbations or 

Cumoal SlONincANCE 

IN 

202 RESCCTIONB for PULifOSARY 

Tcbeeculostb 



Resulting in death 




Associated with bronchopleural fistula 

11 


Without fistula 


1 





12 

Continuing morbiditv 




Growing worse 


5 


Irapro<*ing 


S 

13 

Total 



25 


Table IS.. Present Status i.v 
202 PlSECTlONa FOR PULIIONART TTBERCDLOSIS 



NUUBER 

PCI CENT 

Homo 

120 

59.4 

Hospital 

67 

28.2 

Dead 

25 

12.4 

Total 

202 

100.0 


Table XI. Dkattib in 2f>2 RESKCnoNS for Puluonaiiy Tuberodlosis 


LODECrOMY 

PNErjiONFxrroiiY 

TOTAL 



Postoperative 2 

12 


14 



Ijito 4 

7 


11 



Total 0 

10 


25 



Table XI. Df..\th8 ArronnjNo to Indication 

FOE OrCHATlON 




NUilSEU OK 



PEE 



OPERATIONB 

DEATIIB 


CENT 


Thoracic fniluro 

71 

9 


12.7 


Bronchostenosis 

33 

4 


27.1 


Tnberculoma 

20 

0 


0 


Lower lobe rlisease 

22 

5 


22.7 


Mistaken diagnosis 

22 

4 


18.1 


Bronchiectasis 

14 

1 


7.1 


Not snitable for thomcoplnatr 

D 

0 


0 


Destroyed Inng 

4 

1 


25.0 



left bronchial stiunp is retracted to a more protected position beneath the aortic 
arcli and buried in mediastinal tissue. 

Transbronchial spread of disease or exacerbation of disease was the next 
moat frequent complication and was frequently associated with hronchoplenral 
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Table XII. Causes of Death 


_ early 

Cardiac arrest 1 

Hemorrhage 3 

Shock 1 

Transfusion reaction 2 

Pulinonarj' insufficiency 4 

Progressive disease without fistula 1 

Bronchopleural fistula with empyema and progressive disease 2 
Pericarditis 

Nontuberculous disease 

Total " 14 


LATE 


9 

1 

J, 

11 


Table Xni. Sufaival Period 


Six months or less 

17 

G to IS months 

71 

V/i to years 

48 

2^/2 to 3^ years 

2G 

3Vj to 4 Vji venrs 

13 

Over 414 3 ’cnrs 

2 

Total 

177 


Table XR'". Present Srutum Status 



NU.MBER 

PER CENT 

Negative (culture) 

150 

84.75 

Positive 

27 

15.25 

Total 

177 

100.00 

fistula. It occurred in 14, or 

14 per cent, instances in 

the lobectomy group with 


equal distribution iietwccn the two .sides. It follotvcd pneumonectomy in 11, or 
10.5 per cent. In 2 patients sjiread or exacerbation occurred on both sides. 

Further analysis of spreads or exacerbations of disease reveals that 12 
results in death, 11 of which ivere associated with broncliopleural fistula. Thirteen 
were responsible for continuing morbidity. Of the 13 living patients in ivhom 
spread occurred, 8 are improving and 5 are becoming worse. 

The following miscellaneous group of complications was encountered: 

Tuberculous infection of chest wall ^ 

n 

Chest wall sinuses 

Woimd dehiscence ^ 

Contralateral spontaneous pneumothorax follovung pneumonectomy 1 

Temporary paresis of left recurrent laryngeal nerve ^ 

Larjnigeal stridor due to a subglottic inflammatory membrane 1 

Ulceration of bronchial stump ^ 


RESUUT.S 

Of 202 patients who had resection for pulmonary tuberculosis, 120, or 59.4 
per cent, are home; 57, or 28.2 per cent, are still in the hospital, and 25, or 
per cent, are dead. 

There were 14 operative deaths, a fatality rate of 6.9 per cent and 
deaths, or 5.5 per cent. 
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Table XV. Present Cuhioal Status 
IIOSPITAL 


LOBECTOMY PJOCDilONEOTOMY 


Olinicallv well and ncgntivo 

16 

13 

HI or incapacitated 

Nogntive with pleuml complicationa 

2 


Negatire, respirotor)' cripplo 


3 

Positive 

ristuln, empyema and/or apread 

6 

3 

Spread or exacerbation 

6 

1 

previous contralnteml disease 

1 

1 

Stomp ulcer 

1 

1 

Source not determined 

1 

3 

Total 

30 

27 

Table XVI. Pdesbnt 

Clinical Status 



177 PATIENTB 
IIOSPITAL 


CllnieailT •n’eil 

Ne^tlvo 

28 

35 

Hi or incapacitated 

Kegattve with pleural compilcatiou 

4 


Kegative, respiratory cripple 

3 

36 


— 

Positive 

Fistolo, empyema and spread or exacerbation 

8 


Spread or exacerbation alone 

6 


P^viouB contTalateral disease 

2 


Stomp nicer 

i 


Source not determined 

4 



— 

n 

Total 


67 


Table XATI. Present Cijnioal Status 
Home 



LopEOToirr 

PNEpirONECTOJrY 

Clinically well 

Negative 

Negative with pleural complications 
Occasional positive culture 

HI or incapacitated 

Ne^tire, respiratory cripple 

Pomtlve 

59 

2 

1 

63 

1 

2 

2 

Total 

02 

68 


TABLE XVnx Present Ounical Status 


177 Patients 

HOME 


Clinically well 

Negative 

112 

Negative with pleural complications 

1 

Occasional positive culture 

2 

m or Incapacitated 

Negative, respiratory cripple 

2 

Positive* 

3 

Total 

120 


•Source: contralateral dlaea#®, 1; ctump ulcer, 1; not determined, 1. 
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Of 104 pneiinionectonncs, 39 arc dead, a total fatality rate of IS per cent, 
whereas in tlie lobectomy group only 6 are dead, a total fatality rate of 6.1 per 
cent. 

Table XI, which records tlie deaths according to indications for operation, 
reveals fatality rates near the mean figure of 12.4 per cent for; thoracoplasty 
failure and bronchostenosis. Tlierc were no fatalities in the tuberculoma group 
or in the group thought unsuitable for thoracoplasty. In the other categories 
fatality rates arc distorted by the .small number involved and are not statistically 
.significant. 

The causes of death arc listed in Table XII. 

As noted previously bronchoplcui’al fistula and empyema in a.ssoeiation with 
progressive disease was the most significant single factor in the fatality statistics, 
accounting for almost one-half of the deaths. This serves to emphasize again 
that the ultimate fate of the patient is largely determined by the status of the 
bronchial stump. 

One death was due to cardiac arrest, 3 to hemorrhage, and 1 to shock. Two 
imtients died as a result of transfu.sion reactions. In 4 ]nilmonary insufficiency 
was considered the cause of death. One jiatient died following pericardectomy 
for constrictive jicricarditis. She also had a jireviously undiagnosed mitral 
stenosis. One death resulted from early ma.ssive spread w’ithoiit fistula. One 
late death occurred as a re.sult of nontuberenlous disease. 

The time elapsed since operation is indicated in Table XIII. A majority 
of the ])aticnts have been operated upon within the past three years. 

Table XIV records the present sputum status of 177 patients. 

Tables XV, XVI, XVTI, and XVIII show the present clinical status of 
living patients. Follow-up has been po.ssible in all patients. It will he noted 
that of the patients now in the hospital nearly all of those listed clinically Avell 
and negative can reasonably be expected to move info the same classification m 
the home group. The fate of the positive group is predictable only in so far as 
those with bronchopleural fistula and progressive disease arc concerned. It is 
estimated that at least 5 of these will die. The fate of the remaining patients is 
indeterminate, though it seems likely that most of them will live and several ma} 
become clinically w'ell and negative. 

Of 202 patients who had resection for pulmonary tuberculosis, 120, or 59 
per cent, arc home; 112, or 55 per cent, being clinically well and negative. 
Estimated on the basis of 177 living patients, 68 per cent are home, clinically 
well and negative. 


DISCUSSION 

There is little difference of opinion as regards the indications for resection 
except in the upper lobe lesions in which thoracoplasty would ordinarily have 
been employed. However, certain types of lesions have proved resistant to 
collapse by thoracoplasty and consequently are thought to be better treated by 
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resection. The folloinng tj^pes of lesion arc representative of tliose in which 
resection is prefernble to thoineoplnsty. 

1. Tension canties. Thoracoplasty is frequently ineffective in elosing ten¬ 
sion Canties even when carried out ivith streptomycin to control associated 
hronehial disease and steno.sia. Because of inability to predict a satisfactory 
response to thoraeoplasty resection is frequently considered prefernble. 

2. Lesions which appear in the roentgenogram as scattered nodular infiltrates 
with fibrosis and indistinct areas of rarefaction suggesting small cavities, whether 
aYtensive or occupying a limited area. These lesions, the familiar flbrocnseoiLS 
adult lesion, are usually found to bo firm and inelastic and represent multiple 
areas of poorly encapsulated caseation with interspersed fibrosis. There is 
almost nlwaj-s demonstrable one or more small liquified areas of caseation which 
communicate ivith a small bronchus. Such lesions arc very frequently mncli more 
extensive than their radiologic appearance would suggest and are resistant to any 
form of collapse. 

3. Lesions so situated within the lobe as to require extensive thoracoplasty 
with needless sacrifice of pulmonary function. 

4. Some giant caidties, especially in the gutter. 

6. Progressive caseous pneumonic disease in children or young adults limited 
to an upper lobe. In fact, in all children resection is preferable to thoracoplasty. 

6. Tuberculoma or tuberculoma-like lesions, in themselves prime indications 
for resection whenever looalizetl to a lobe or segment should never bo subjected to 
thoracoplasty or other collapse measures when located in an upper lobe. With 
very few exceptions these lesions should bo resected. Even llie presence of calci¬ 
um is not always an indication of their benignity either from the standpoint of 
tumor or tuberculosis. 

The lower lobe lesion, which has not responded well to collapse measures, 
is a logical indication for resection. It is questionable whether resec¬ 
tion should be delayed for any but the briefest trial of other measures if the 
lesion is extensive. Obriously smaller infiltrates without carity or larger exuda¬ 
tive infiltrates which tend to dear should have a longer trial of bed rest and 
collapse before the decision is made to rc.scct. Such obvious indications as the 
persistence of a lesion ivith positive sputum, evidence of associated bronchiectasis, 
tension cavity, filled caidty, or the presence of single or multiple encapsulated 
caseous foci, will dictate leseetion. 

There is still another group of patients in whom the need for resection is 
anticipated but who, for one reason or another, should have thoracoplasty as 
the primary' procedure. The prime example of this situation is the extensively 
involved lung or upper lobe in a patient who is in precarious immmiologic 
balance. Thoracoplasty in sudi a situation ivill often throw the balance in 
favor of the patient and set the stage for resection. Thoracoplasty may in some 
instances even prove effective in controlling such lesion.s. Thus a sequence of 
events wiU have transpired which will render resection less hazardous and even 
in a few instances unnecessary. 
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A further benefit is thought to accrue as a result of this plan by reducing 
the space available for occupancy by the remaining lobe or lobes if a lobectomy 
has been done or making an emjiyema a less serious complication in the event 
that infection supervenes or the bronchus opens following pneumonectomy. 

One of the most important factors determining the success of resection in 
pulmonaxy tuberculosis is adequate healing of the bronchial stump. Failure of 
healing in the early postoperative course, if not attributable to ineffective closure 
or streptomycin resistance, may be due to mucosal disease, though numerous 
instances have been noted in which adequate healing occurred when transection 
was carried through grossly diseased mucosa. The late occurrence of fistula 
would seem to be i-clated to contiguous infection in the pleural space. The latter 
can be minimized by avoidance of giuss contamination whenever possible by 
carrying the dissection into the exiraideural plane. However, contamination 
is unavoidable in many instances despite the most skillful manipulations and 
probably oceui's much more frc(iuently than is apparent from gross inspection. 

The fear of streptomycin resistance has been lessened by experimental and 
clinical evidence that the combination of PAS and streptomycin has .successfully 
delayed or prevented the development of emergence of significant resistance. 
This is particularly im])ortant in cavitary lesions which often require resection. 
Closer cooperation between medical and surgical departments in the management 
of antibiotic therajiy in the acutely ill patient in preparation for later surgery 
should result in fewer resistant patients and consequently render surgerj' less 
hazardous in this salvage group. 

That further expansion of the area of usefulness of I’esection will occur 
is quite likely. However, thoracoplasty continues to be a highly effective meas¬ 
ure for the control of a lai'ge number of upper lobe lesions and will probably 
maintain a prominent if not the commanding position it has enjoyed as the 
most universally effective major surgical procedure. Its limitations as regard 
the control of certain tjqxes of lesions must be more clearly defined. A better 
correlation of the radiologic appearance with the pathologic characteristics 
of the lesion should be the basis for selection of the appropriate procedure. 

SUMMARY 

The results of resection in 202 patients witli pulmonary tuberculosis have 
been presented. There were 98 lobectomies and 104 pneumonectomies. 

Bronchopleural fistula with empyema occurred in 27, or 13 per cent, of the 
patients and Avas the major cause of death. Spread or exaceihation of disease 
occurred in 14 per cent of the lobectomies and 10.5 per cent of the pneumonec 
tomies. 

Fourteen patients died folloAving operation and eleven died later, a total 
fatality rate of 12.4 per cent. One lumdred and seventy-seven patients are In mo 
six months to five years folloAving opei’ation. One hundred and twenty, or 
per cent, of these are home and clinically weU. 
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One hundred fifty, or 85 per cent, of the survivoi-s have negative sputum 
or gastric washings on culture. 
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LOBECTOMY AND PNEUMONECTOMY IN THE TREATMENT 

OF puljmonary tuberculosis 

A TEN-YEAR SURVEY 

Aaron IIimmeustein, M.D., Frank B. Berry, M.D., and C. Thomas Rk\d, M.D. 

(by invitation) New 'i'oRic, N. Y. 


INTRODUCTION 


P ULi\10NARY rcscclioii is a method of treatment of tuberculosis which has 
gained inci’casing attention in the past several .veal's. The report of Churchill 
and Klopstock* indicated the potential use of the procedure. The reports of 
jMaier- and Sweet,^ in 1946, indicated that early results deteriorated in the later 
follow up and SweeU rccentl.y has reported his group again “as showing that 
e.xtirpative surgery is a ])roeedure of limited usefulness in the management of 
the disease.” Ovcrholt and his group-"''® have demonstrated the results in a con¬ 
siderable .scries of patients. Their experience covers the period since 1934, and 
they have added the use of streidomycin and upper thoracoplasty in their later 
cases. Their reports stress the good results, jiarticularly in the face of difficult 
problems of therapy and several reports'’*’®’’® have indicated the value of strep¬ 
tomycin in the prcoiierativc and postoperative jicriod. This study was under¬ 
taken at Bellevue Hospital to evaluate our experiences for further use of the 
procedure. 

MATERIAU 


The seventy-three cases in this reiiort include all patients on the Bellevue 
Hospital Chest Surgical Service in the period 1939 to October, 1948, on whom a 
resection -was done for pulmonary tuberculosis. The records of the pathology 
department were reviewed and all surgical .specimens of lung tissue in which a 
diagnosis of tuberculosis was made were checked against the former group. The 
charts were then reviewed and if tuberculosis urns not of clinical significance, 
the cases were omitted from this stud.r. Four cases from the Chest Surgica 
Service of the Veterans Administration Ho.spitnl, Bronx, N. Y., are included. 

An attempt was made to follow all patients at regular intervals and an 
effort to review all of the group was made recently. Two have never retuine^ 
for a follow-up visit.® The remainder were seen by one of the authors duung 
1950, or recent roentgenograms rverc reviewed and present status determine 
bj^ lettei’s from their physicians. 

Lobectomy was performed on fort.y-two patients and thirty-one la a 
pneumonectomy. There were t'went.v-eight upper and fourteen lo-ner o e 


From tlie Chest Surcical Service. Belle\-ue Hospital College ot Phj siclana and S E 
Columbia University, and United States Veterans Hospital, Bronx, is. chief 

Reviewed in the Veterans Administration and publi^ed i?Hg'^are°a result of 

Medical Director. The statements and conclusions published b> the aut Veterans Ad- 

their own study and do not nccessaiily reflect the opinion or policy o 

ynlnistratlon. finn for Thorflclc 

Read before the Thirtieth Annual Meeting of The American Association 
Surgery, Denver, Colo., April 16-18, 1950. nttrejiocram 

♦The patient with pneumonectomy was located recently and a roe E 
She has endobronchial disease in the remaining lung. 
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resections, and seventeen rigid and fovtrtccn left pneumonectomies. One elnssi- 
fied as a pneumonectomy had only ligation of a Ycsscl; resection was abandoned 
because of poor condition at that time, nnd death oeeurred on the fortj-eighth 
postoperative day. Once pneumonectomy wa.s performed three years after a 
touniiiinct lobectomy for bronchiectasis because of the development of tuber- 
cnlosis in the residual stump of lung. There were no .segcmental resections. 
In most instances the operator was the resident thoracic surgeon, although a 
member of the attending staff was always present and decided on the advisability 
and the e.Ytent of the pulmonary resection. The cases were fairly evenly distri¬ 
buted among the ten members of the attending stalT. 

RESUI.TS 

Loheclomy .—In Table I a summary of the results in the lobcotom 3 ' group 
is given listing the year each patient was operated upon. The results arc classi¬ 
fied by groups: clinically well, alive with active disease, died. Tlic thirty-one 
listed ns clinicall}- wcU have negative sputum nnd developed no new lesions in 
tlie follow-up period. Two patients included in this ginvip showed a minimal 
exacerbation of old Icsioias which promptly subsided nnd have remained un¬ 
changed for at least two years. Four in the group arc alive witli active disease; 
one developed a camtv in the lower lobe on the opomted side, the others have 
new infiltrates which appeared after two j-ears of ol)scrvntion. There were six 
deaths. One patient was not followed. 

The indication for operation is given in the subheadings. Lobectomj- was 
undertahen ns the primary method in the first group. In the second, tliornco- 
plnsty was performed. The disease later progressed nnd excavated under the 
collapse. Six months to several years followed the original operation before 
resection was undertaken. The third group includes those for whom a thoraco¬ 
plasty and lobectom.v were planned licforo cither procedure was undertaken. 
The collapse was the first operation in one-lmlf of these. IVhcn it followed re- 
sectiou it usually was done two to three weeks later. These were all four or five- 
rib posterior thoracoplasties lca\-ing tmnsverse processes in place nnd in a few. 
the first rib was not removed. Scoliosis was not seen in the group. There were 
several patients in the first nnd third groups on whom thoraeoplnaty might have 
been tried as a sole therapeutic method for upper lobe disease. In a case bj’ ca.se 
renew of the material, we holieve that the results obtained so far by combining 
limited thoracoplasty with resection nnd stroptomeyin have been as good or 
better than might have been anticipated in the same period by the use of collapse 
therapy alone. 

Twelve lobectomies were done prior to 1947. Jlore recently, after stroptomj-- 
cin became available, it has been given to all patients undergoing resection when 
tuberculosis was diagnosed. Ten of fourteen patients had a thomcoplnsty in 
an attempt to prevent overdistention after upper loho resection. The question 
of thoracoplasty arose in the othei-s only after the histopathologic report on the 
resected specimen showed tuberculosis. Since the lungs then were well expanded 
nnd presumably adherent, it was felt that tlioracoplasty would collapse a small 
segment and leave the remainder of the lung distended. After lower lobe lobec- 



808 


THE JOUIlNAb OE THORACIC SIJUGEltV 


V 


W 

O 


a 


X 

o 


p 


tr. 

u 


o 

i- 




o 


Cl 

-r 


w 

H 


D 

in 

u 


w 

•j 

p 



O O oq:: 
Q ^ 



TABU tL Causes op Deaths in 0 Patient8 Apteb Lobbctojit run 'ruBEBCULosis 


nniJIELSTEIN ET AU ; LOBECTOJIV AND P>rEUlt0NECT01iy IN TOTERCTILOSIS 8G9 




872 



“■ Thin wnllcd cavity with neffatlvo sputum that cleared rapidly—? Emphysematous bleb. 
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each patient is considered individually. The group of patients who had pneu¬ 
monectomy reflect a more extensive disease by a higher mortality. In re\iewin» 
these cases, it was difficult to visualize any other form of therapy that would 
adequately have controlled tlie disease. Wlien the indication was extensive uni¬ 
lateral disease, it was noted in the jiathology report that caseation was present 
in many areas. In reviewing the group that is listed as thoracoplasty failures, 
it is brouglit out that most of these result from caseous disease which continues 
to excavate in the area under collapse. Initial resection offers a much more 
favorable outlook in such lesions. 

After pneumonectomy, thoracoplasty has been done routinely leaving the 
first rib in place and with limited resection of the posterior segments. Scoliosis 
is seen infrequently after this procedure. 

These patients were all seen in a general hospital where pulmonarj' sup¬ 
puration is not an uncommon disease. Several patients included in this report 
were operated upon with this diagnosis. In a few of these the jirocess was tuber¬ 
culous and was undiagnosed. We now have had a considerable experience vith 
acute lung abscess which occurs in an area adjacent to quiescent tuberculosis 
and as the process extends and iiumdes the tuberculous area, the .sputum be¬ 
comes positive and the copious secretions form an excellent vehicle for s])i'ead. 
The combination of suppurative disease and tubci’culosis in the same lobe is a 
strong indication for I'cseetion. 


.SUMMARY 

1. Seventy-three cases of juilmonai’y re.section foi’ tuberculosis in the period 
1939 to October, 1948. are ])i'e.sented. 

2. Lobectomy combined with thoracoi>lnsty and streptomycin gave the most 
satisfactory follow-up results. 

3. The indications for lobectomy were discus.scd. Poor results in the late 
follow-up period need not be anticipated. There remains a group in vhom 
thoracoplasty or lobectomy offers a considerable chance for improvement. The 
choice of procedure must be individualized. 

4. Pneumonectoinj" usually was undertaken for far-advanced lesions an 
the high mortality is not a contraindication for its continued use. 


coxcuusiox 

In conclusion, it seems evident that there are many patients in 
thoracoplasty and re.section may be anticipated to offer the best opportmn 
for control of the disease. 
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DISCUSSION OK "FITRTHER ETPERlENCEfi tVim 8C0UCNTAL nESECTION IN TUBERCULOBIB ” BY 
DR, J, MAXWELL CnAMDURLAlN AND DIL ROBEItT JCLOPSTOCKj* “RESECTION IN Tiff 

TREATilENT OF PULIIOKARY TUBERCULOSIS*' BY DR. J. CLAUDE DAY, DR. W. M. TUTTLII, 

DR. E. J. O'DRIKN, DR. FOSTER riAitFTOM, JR., AND DR. TRUITON L. JACKSON,t AND 

“lobectomy and pneumonixtomt in tue treatment of pulmonary 

TUBERCULOSIS’* BY DR, AARON UIMMELSTEIN, DR. FRANK B. DURRY, 

AND DR. C. THOMAS DEAD 

COL. JAME8 U. FOESEE, Denver.—Prior to 1947, it was our belief that pulmonary 
resection in tuberculosis was seldom Indlcatetl except for thoracoplaBly failures and in cer¬ 
tain instances of bronchial stonouis. Beginning In 1947, and with the advent of adequate 
quantities of streptomycin, we have carried out lobectomy in a consccutlvo series of 94 patients, 
with a mortality rate of 2.1 jwr cent Beactivotlon or spread of the disease has occurred in 
flve patients, bronchopleural flstula in ftvo, and empyema in three patients. In an over-all 
summary of 124 patients treated daring the period 1947 through 1949, on whom pulmonary 
resection was performed as pueumonoctoDiy, lobectomy, segmental or partial lobectomy, the 
over-all mortality to date la 4 per eent 

We believe it InqKirtant to carry out upper stage thoracoplasty of five ribs, oltlier pre¬ 
ceding or at the same time lobectomy la porfonDe<l. Of extreme importance and only to 
emphasise its significance, Is the importitnce of teamwork in caring for such patients, In¬ 
cluding the internist, ondownpist, and pathologist. Oar most important recent contribution 
has been the work carried on by Colonel Temple and his co-workers at Fitislmons in a study 
of strpptomjxin resistance. Brlefiy, in a group of 100 patients who have been trtmted witli 
streptomycin for n poriotl of 120 days, in dosages of 1 or 2 Gm, evorj* third day, combined 
with para-aminosallcylic acid 12 Gm. dally, one-third liave completed the study and have had 
resistance studies nuide. To date, tliere has boon no instance in which sensitivity Ims not 
been retained in the 3,1 piiticnta. Tho other 07 have cooipleted their course of Ftreptomycln 
and PAS therapy, but resistance studios nre not complete. This is particularly important 
to the surgeon in that if the patient wlio undergoes pulmonnrv' resection Is sensitive to strep¬ 
tomycin he is a bettor risk and lias a better chance for ultinmto recovery. Tlie one common 
denominator since 1947 width has made pulmonary resection such nn adequate niGasuro in 
tho ninnngemenl of pulmonary tuberculosis is, in onr minds, streptomycin. 

DR. ANTnOKT R. CUBRERI, Madison, Wie.—^MTiile In the main I bolievo we agree 
with tho philosophy of Dr. Chamberlain, I tidnk many of us might take exception to one 
point tliat he has made; that is, that one can tell by i-my oxamlnntlon all of tho active tuber¬ 
culosis present in tho lung. Tliis is not tme, because in our scries, by correlating roentgeno¬ 
grams and planograms to the surglcol and pathologic findings, wo noted that many lesions 
not seen In tho x-my examination became apparent on surgical eiplomtion, and active infec¬ 
tion was demonstrated by lung sectioning and microscopic and bacteriologic studies. 

Furthermore, in our first series of 80 cases, segmental resection was carried out in 4 
cases, two of these dc\xloplng bronchopleural fistula and n third bad excessive pleural ofTusIon. 
Wo decidoil, therefore, tlmt segmental resection shonld be rcsortc<l to when mandatory be- 


•See page 843 for article by Chamberlain and Kloprtock, 

tSeo imge 8B4 for article by Day, Tuttle, cyBrlon. Hampton, and Jackson. 
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cause of inadequate pulmonary rcscr\'c. Our results arc in complete agreement Tvith Dr. 
Berr}’’3 and Dr. Himmelstcin’s. We ndsli to compliment Dr. Day and his co-workers in 
foeusing our attention on the jrossibility of major complications, particularly bronchopleural 
fistula that may be associated with resection. However, we are convinced from our own 
studies, in which some eases have now gone over five years, that in properly selected cases 
pulmonary resection has a definite place in surgical treatment of tuberculosis, should be at¬ 
tended with excellent results and few complications. 

In April, IfitS, Dr. Gale and I reported SO consecutive resections for tuberculosis. "We 
have continued to follow these eases closely, and in addition have performed another 120 
resections up to November, 19-10. Jilay I show three slides demonstrating the results of these 
cases? 


(Slide,) Yon will note that in our original rejrort of April, 1948, 42 per cent of the 
patients were sputum negative but still in a sanatorium, 81 per cent were negative and at 
home, and 22 per cent were positive. B}' Scj)tember, 1949, one and one-half years later, there 
were but 12 per cent that were sputum negative and still in a sanatorium, while another C3 
per cent were negative and at home—indicating tbnl 75 per cent had converted and the vast 
majority were at home. Fifteen per cent of the patients were still positive. Our original 
1948 .series showed two deaths attributable to tbc operative procedure. Three more died from 
unrelated cau.«os. In the ensuing two .vear.s two more ])nlicnl.« have died from causes other 
than tuberculosis, making n total of seven deaths from tbo original scries of 80. 

(Slide.) Tills shows tbo .stability of sputum conversion. Note that in the original re¬ 
port sputum conversions were under eighteen months, while eighteen months later the vast 
majority of patients have been tubercle free for well above twenty-four months, with a 
fair number free of tubercle baeilli for four to five years. 

The third .«lidc presents our surgical indications and the mortality of the original 
group ns compared to the second group of 120 resections performed between April, 194S 
and November, 1949. Whereas thoracoplasty failure and bronchial stenosis accounted for 
appro-ximately three-fourths of our indications in the first group, in tlie second group the 
picture changed, with bronchiectasis the indication in .85 per cent, thoracoplasty failure rn 
27 per cent, and bronchial stenosis in G per cent. Tlicre were five operative deaths in tie 
second scries, about double tlic original group. This increased mortality is partly our fa t, 
for with increasing success we accepted patients with extensive bilateral disease or thoM 
resistant to streptomycin and still linving evident tracheobronchitis. Further, streptomycin 
deceived us in sevcrnl cases for, despite the apparent subsidence of bronchitis ns mam es e 
by a healing mucosa, section of the bronchus at the time of surgery revealed a cheesp ^ 
mucosa. Obviously the selection of such enses resulted in n higii incidence of respira ory 
cripples and bronchopleural fi.stnlns. There were three respiratory cripples, one 
died, and nine broncliopleurnl fistulas. A lesson wns learned from the bronchopleu 
in that we attempted to close the blown bronchial stump in five case.", and four of 
Tlic remaining four had immediate drainage performed, followed by thorncoplnstj. 
of these have spont.ancously closed their fistulas. 


DR. JOSEPH GORDON, Ray Brook, N. Y.—I should like to bring to you 
formation that has been helpful to us, winch docs not include a series o 
Brook we have continued with our studies of the removed lung specimens y mi 
pulmonarj- artery and the bronchial tree and carefully studjring these specimens o ^ 
tent, distribution, and tj-pc of patliologic change which is present. With tiese s u 
base line we feel that we have a better method of evaluating ' g^^yctural 

bronchography has reached the point where it is extremely helpful in e ici mg 
changes present in the lung before embarking upon surgical planning of these cases. 

(Slide.) Here you see on tlio loft the x-ray film of a fT^r^ulmonsry 

pneumonectomy was done. The film following it is that of an arteriogram o 
<.e..n.c«v. c„„.go. i. «,i» Tl. 

bronchial tree injected, showing the alteration in the bronchial tree. > 
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last jrar, allow clmngcfl both In tho pulmomiry orterj* and in the bronchial trc^ ^ tnborcnloaiB. 
It ia theae changea that corrclnto ao well with the diatribntion of dlBeoee that we have naed 
them ns a basis for broncliographic intorprctatlons. 

(Slide.) Ilcre you see what looks like a moderately dlseui»ed lung on t^e left side, bat 

the bronchogmm shows an extremely poor pattern and this is a relatively nonfunctioning 

long. The bronchial pattern rovenls arena of extensive structural changed hy absence of 
arborisation with shortening and widening of tbo bronchial tree, 

(Slide.) Hero is an x-ray dim which elion-s moderate disease, tho location of which is 
not accurately indicatetl except that we see it is rather extensive. The broi>chogmm on the 
right shows that the upper lol )0 is involved ns well ns the apical segment of the lower lobe.. 
The romaining portion of tho lung has a relatively normal bronchial tree and we therefore 
feel that the attack on this should be locallxed to the areab of abnormal bronebograms. 

(Slide.) Tliis is tbe post re-erpnnsion broncliogram in a rase In which there is no 

function in tho lung. Tho bronchial tree shows the same market! oltemtion, absence of 
arborliation, shortening and widening. 

(Slide.) The x-rny film shows disease on the left In the region of the uPP^r Jobe and a 
portion of tho lower lobe; tho broncliogram shows that the disease in the upper lobe is 
rather widespread and only the apical portion of the lower lobe is involved; the remaining 
portion of the bronchial tree Is normal, so we could confine resection to the upper lobe and 
apical portion of the lower lobe. 

(Slide.) This is a similar case; the same abnormal changes in tbe brtfDcliial tree. 

(Slide.) This case shows the contrast; there Is a giant-sited cavity In the apex of the 
lower lobe; the broncliogram, however. Is nlmominl throoghout, and it wonlcl inadvisable 
to attempt a segmental or lobe resection, because the entire lung is inrolveil mnst be so 
treated. 

C6Ude.\ Tliis shows abnonno.!. clum^wi In. bronchog^no?. In. thn of involved lung.. 

(Slide.) This Is the most striking case of all, of a patient who had mlfiinml disease In 
Slarch, 1&49, tlicn developol pneamonlc type of disease in July, 304D, of right upper 
lobe, for which the patient was treated with streptoraycln. Thero Is marked regression of 
the abnormal shadows. Tlie interpretation is citenAive clearing. However, t^e bronchogmm 
shows rather extonsivo alteration of all segments of the upper lol>e, 

DB. ROBERT GLOVER, Phlladolphln.—I should like to eongmtulate tke essayists on 
their very excellent presentations and results, and partJcalarly Dr. Ohnmbefhiin for under¬ 
taking this interesting and important work, for the courage it took and al*o his excellent 
results. 

(Slide.) Two years ago we wore privilcgetl to present before this Association a series of 
200 consecutive cases of resections for pulmonary tuberculosis. This series started in 1941, 
and terminated early in 1948. The slide presents an initial series of 100 ca^c* vrith a mor¬ 
tality rate of 27 per cent; those coses did not linve the benefit of streptomycin. Tho next 
100 cases had the benefit of 8treptomj*cin and the mortality rate was reduced to 1C per cent. 

(Slide.) Wo have extended this scries to Include 347 cases to the fiift of tliis year. 
There have been 68 deatlia in tho entire scries, wlilch represents an over-all mortality of 10 
per cent- There have been an additional 20 deaths in tho postoperative period to date, 
bringing the entire mortality up to 22 per cent. Living at the present time ure 269 cases, 
\Vlthln the past three months we have endeavored to enriy out a very extensive follow-up and 
have been able to contact each patient. We find that of the original 347 casesi Rt the present 
time there are 242 negutivee, representing approximately 70 per cent of the entire series. 
There are 27 positive cases, or 7.7 per cent. 

DR. WILLIAM M. TUTTLE, Detroit.—It seems rntlier interesting that Dr- Chamber- 
lain liQB been able to gather together sncli a largo group of segmental reswtlons in tho 
treatment of tuberculosis. Tliia is especially ao in view of tlio fact tlmt there have been 
relatively few segmental resections done in a combined series of almost 800 nu^tions reported 
here today. While Dr. Chamberlain did not have an opportunity to demonstvnte by lantern 
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slide the type of lesion to wliieh l\c npjilies scpmcnfnl resectional surgerj', one is forced to 
assume tliat in some instances tlicse patients might have been adequately treated by simpler 
collapse measures. 

In reference to our own series and to the others reported here today it becomes evident 
that we liavc, I believe, not taken into consideration to a aufTicicnt degree why patients after 
resectional surgery die cither early or late. In our group it is quite evident that the majority 
of our deaths occurred a.s a result of the opening cither early or late of the bronchial stump. 
It is likcwi.se intcrc.sting that llio majority of these stump openings occurred on the right side 
where the stumj) is more difficult to bury. This. I believe, fits in well with the observations 
of Dr. llicnhoff, wliich were made many years ago, namely, tlmt a well-buried bronchial stump 
in the experimental animal .seldom opens, q’lic various scries reported here today would 
remind us again that adequate bronchial closure still prc.scnts a problem. 


DE. LOUIS E. DAVIDSON, New York.—I .should like to echo Dr. Glover’s compli¬ 
mentary remarks relative to the essayists. The veiy interesting paper of Dr. Day I agree 
with almost completely, but I .sliould like to lake this particular exception. If there ever 
wns an indication for cxcisional surgery it is in the destroyed lung. Perhaps I did not hear 
Dr. Da.v correctly, but I feel that tlmt is, beyond the .shadow of doubt, one of the most im¬ 
portant indications for excisional surgery. 

Between March, 19-10 and December, 194S, at Soaview ITospital, 200 resections for pul¬ 
monary tuberculosi.s were performed b.v J5 operators. ]iIost of the surgery wns done by the 
resident stall. There were 157 pneumoncctomie.“, 38 lobectomies on 32 patients, and 13 
segmental resections on H patients. During 1949, tboso cases were screened and classified 
rattier intensively by reviewing flie history, laboratory findings, x-ray studies, surgery, and 
pathologic material. In addition, most of the c.ascs were scon in the follow-up clinic. One 
hundred ninety-two of the 200 specimens were cvalnnted; in a certain few instances wc were 
of the opinion that excessive tissue Imd been removed when pneumonectomy wns performed. 
Among our coneliision.s, it wa.s believed tlmt ino.st prc.ssing needful conditions demanding ex- 
eisional surger.v, wore previous surgical failure, mi.xcd infections, tuberculous empyema bron 
chopleural fi.stuin, and a dcstro.vcd lung. Our ideas concerning tlie status of the contralateral 
lung or tbe remaining ipsolateral lung, and their relationship to surgery, have been altered 
during tbese years, particularly because of our slud.v of these pathologic specimens. We like 
to call tbe arrested type the encapsulated caseous foci, and wc think the oontrnlatenil lungs 
ns shown in the films play no part in the consideration for surgery, if there is a stable Icsmn 
that has been pre.sent for a substantial jieriod of time. 

(Slides.) This patient wns operated upon about 2.5 niontbs ago; a pinoimionectomy was 
performed. (Slide.) This shows the condition in .Tnmimv' of this year; he is in good lea 
and doing verv’ light work. 


Of Total SOO Pat ten 1.1 


151 alive and sputum negative 
9 alive and .‘■putiim positive 
40 deaths 

29 bronclioplournl fistulas 

6 empyemata 

17 sinuses and wound breakdown 

7 tuberculosis spreads 


75.5% 

4.5% 

20 . 0 % 

14.5% 

.3.0% 

8.5% 

3.5% 


DE. .TULIAN A. MOOEE, Asheville, N. C.—I should like to congratulate 
lain on bis excellent results, but I cannot agree that segmental resection ms 
thoracoplasty. I think after a period of five years if the results remain S”® ‘ 

his point. We have done only a few segmental resections without any 
had two spreads of the disea.so at a later period following segmental resection. 
done at Oteen more than 200 resections, and we have more complications. ic ^ 

from two sources. Wc are beginning to get late fistulas, late empyemas, late spr 
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do not know whnt tlio llnnl result will be. However, the compUetition rule Is greater in those 
patients who have been treated with streptomycin before they camo to tsurgery. TVe tire get¬ 
ting very few patients who have not rwclvod streptonij'cln, and the complication rate has 
doubled. 

"Where wo are able to control the administration of streptomycin a Uttlo better our 
complication rate remains low. I am mthor appalled in private practice at seeing so few 
patients with tnboreulosis who Im^'o not l>eon given streptomycin at the beginning of the 
disease. At this mtc, five yenrs from now, tho tuberculous population of this country will 
be streptomycIn-rcBistant. I feel that its use should bo confined to definite indications and 
that it should not l>o given indiscriminately. I am also certain tliat streptomycin is still 
a protective agent and an adjunct particularly to resection and major collapse measures. 

DR. JOHN JONES, Los jVngclcs.—T thought It might l>e of some Interest to you to 
see a recent study we have made of our cases, Dr. Robinson, niy associate, and I. We have 
used essentially the same teclmSquo on these patients on the group operated upon between 
1D43 and IWO. In nil, wo had a mortality of 12.2 per cent in 123 resections; and in the 
group classified as collapse fnlluro, we have 24 per cent TOoriabty; in tho destToy«l lung group 
we had 40 per cent mortality; and in that smaller group of 32 patients whore tlie operation 
was purely elective wo had no mortality and a fairly low incidence of complications. 

(Slide.) Wliat are tho causes of these complications and the mortfllltyf We found 
in the entire group that onr greatest problora wos spread of the disease, which accounted for 
SO per cent morbidity, 5.7 per cent mortality; opening of tho stutap, 2.4 per cent mortnlity. 
Tlie other enusea were 1 per cent wound Infection; two operative deatlis, 1.0 per cent mor¬ 
tality. 

(Slide.) If we comjfare the grr'Up operated on before we had streptomycin with those 
that had tho advantage of streptomycin, we have the complication of empyema, for example. 
In the 35 patients who had no streptomycin, tho mortnllty from empyema was 2,8 per cent, 
and an incidence of 11.4 per cent In the group of 35 patients. Still, in the group of 88 
patients who had streptomycin, we had only 2.3 per cent morbidity, and no mortality from 
that one complieatioti. 

(Slide.) Tlio opening of the bronchial stump was of course a common cause of mor- 
tnlity—S.O per cent in a group of 35 nonstreptomycln patients, and still we had no bronchial 
fistulas in the 88 who had stroptomycln. 

(Slide.) Tho third complication was spread of the disease. We had 17 per cent of 
onr patients die of spread of the disease in the smnll group of 35 nonstreptomycin patients, 
and still only 1.1 per cent in the 88 patients who had 8tToptom;“cin. Tho technique was essen¬ 
tially the same; there were only two surgeons who operated upon these patients. All tho 
bronchial stumps were clo^ with stainless steel suture*. We Imve hero a total mortality of 
5.7 per cent due to opening of tho stump, all in the nonstreptomycin group. 

(Slide.) Finnlly, If you group nil the figures together, you will not have such a good 
mortality, 12.2 por cent; but if }*ou look at the patients who had streptomycin you have a 
fairly respectable mortality of 6.7 per cent in 88 resections, but still an appalling mortality 
of 25 per cent In the .35 patients who did not Imre streptomycin, and more than 60 per cent 
morbidity in tlrnt small group. In reporting statistics on resections In tuberculosis it is, 
then, obvious thnt it is well to state whether the patients had the protection of streptomycin 
during their surgical treatment. 

DR. CLARENCE CRAFOORD, Stockholm, Sweden.—There is no doubt that the inci¬ 
dence of bronchial fistula has been on the decrease since we have had chemotherapy, both in 
tnberculoaifl and in nontuberculous ca*es. I believe that safe broncliinl closure Is not only 
due to chemotherapy, it is also due to the technique with which the bronchial stump is closeil. 
If there is not any nake<l cartilage left in tho stump to be cloietl, and If the closure can be 
done with a continuous pcriplieml suture and invagination, the incidence of bronchial fistula 
will be very small, both with and without chemothompy. In our early experience, resections 
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botli in tuberculous nnd nontuberculous cases, gave a very small incidence of bronchial fistula 
and since 1945, when we got chemotherapy, I cannot Tcmembor any cases of bronchial fistula 
in ray material. 

With regard to the cases presented by Dr. Cliamberlnin and discussed by Dr. Tuttle 
I believe that the tj'po of tuberculosis we ha%'C in Sweden is quite difTeront from the type 
you have in the United States. If wo tried to close any of the cavities which Dr. Chamber¬ 
lain has resected with phrenic nerve operation, as Dr. Tuttle advised, I do not believe we 
would get success in more than perhaps 1 or 2 per cent. 

DR. NORYfAN WILSON, Boston.—I also would like to congratulate the three eseayists, 
and I think it is well for ns to remind ourselves ns we look at the statistics of the last two 
papers, that had they cho.«en to break tbeni down into recent years, in the streptomycin era, 
their over-all figures wound have been niucli better, I rise merely to give yon a late follow-np 
of a series of cases, and nlsn wliat we consider to be the results in the modem era with 
everything we have to use. 

In June of last year we were able to follow 100 per cent of living patients of the first 
323 resections. Of this group 75 ])cr cent were living; SO per cent were classified by their own 
physicians as well in May. Sixty-six per cent of tlicso patients were followed more than 
three years. The interesting point to us was. Hint of all the people who died of tuhereulous 
infection, all save 10 had died of a jirogicssive poslo])era<ivc complication, or n complication 
related to a jiostnperntivc complication—in other words, fistula and spread. Only 10 people 
Imd died of nn old progressive lesion, which would indicate that if we can enrry the.se people 
through the ojicrativc period safely, their prognosis should be good. 

In the last three years, with streptomycin and, I believe also, with more intelligent selec¬ 
tion of patients, and, contrary to Dr. Tuttle’s conception, with nn increased application of 
segmental re.«cctioii, I think wo liavc been able to do a better job in many cases. In that 
period we have done 209 cases, 137 pnoumoncclomies, 48 lobectomies, nnd 24 scgmentals, 
In tbe pneumonectomies, tbe tuberculous complications total lias been 7 per cent;^ lobec^ 
tomios, 2 per cent; scgmentals, 4 per cent. Ttibeiculous deaths in pneumonectomies, 0.( 
per cent; lobectomies, 0 per cent; sogmentnl.s, 0 per cent. The total txiborculous deaths, 
0.5 per cent. 

The nontuberculous deaths arc increasing because our age groups are getting ol er. 
We have eight patients with pneumonectomies dead from a nontuberculous cause such as s o 
or coronary occlusion; we have 2 per cent lobectomy patients dead from nontiibercu ous 
causes; wo have one segmental, who died of an embolus. I think tlieso results shout en 
courage Dr. Chamberlain to continue. 

DR. CHAJIBERLAIN (Closing).—First, may I innke a correction; in the 
which I sliowcd the complication.s, I said there were three reactivations there 
five. These five arc described in the inanu.script. I did not mean to deceive you. o 

activation and each death is c.vplained in tbe text. afnictive 

I should like to thank nil the discussers for both their constructive an tc ^ 
criticism. Dr. Curreri sjioko of the activity- of foci; I thought I had pomte ou ^ 

text that there were three types of lesions left behind; (1) active ones, vUiiei I 
recognize from changes in the serial x-rays; (2) the indolent ones, in which tie ^ 
are so sRght we cannot tell much about them; nnd (3) the arrested ones. It was a 
tioned that all residual foci wore treated ns though they were indolent or smo e 
nnd therefore the patients were given six months bed re.st after the resection. 
also suggested that the operation should be used only in patients with low 
servo. From our present experience, the patient with a low respiratory reserve 
type of case on which segmental resection should be tried. Segmental rosec lou gPglvt 
pull a bad risk patient out of a precarious functional situation; on tlio con j, 

complication, after segmental resection or any other procedure, may put t le pa 
low respiratory reserve beyond the margin of safety. Our unfortunate resu s ^ 
in patients who were considered poor risk patients for all otlior procedures the 

know how to explain his tliree out of four failures in segmental resection. on > 
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•tr brcmchitU flituloa wlxich vrc have reported, three occeirod almost consecutively; 
I nm sure, had they been my first throe cases I would feel as Dr. Ourreri does. I can only 
sny that he should ^vo the procedure another trial, and perhaps Ms results will not be so 
emfortnnato. 

Dr. Tdttlo surprised me by his discussion l>ecauso 1 took this paper to Detroit and 
tried it out about nine months ago at the meeting of the Xutionnl Tuberculosis Association, 
r believe Dr. Tuttle was in the audience when we 8howe<l the first 15 or 10 consecutive cases 
that we bad done. At that meeting he held hie tongue and so I thought I was safe in 
presenting it here today. lie referrc<l to the dentlis. I tliink it was pointed out that the 
nnesthetio death was the one case directly related to the operation and, under normal cir¬ 
cumstances would have been coasidereil a surgical deatlu Tlie accident was simply this: 
At the end of the operation and after the pntlont wna dressed and turned on bis back, the 
anesthetist turned on the oxygen tank. Tlio Inlratraclieal tube was still in place and its 
balloon inflated. For some reason the reducing vnlvo did not work and the patient received 
the entire pressure of the oxygen tank and blew up on the table. Death was immediate. Since 
we did not have an opportunity to And out whetlior he was or was not going to die from the 
operation, sevcrnl of ns felt that perhaps it was fair to call this an anesthetic death. 

Dr, Tuttle pointed out also that in their 200 cjutcs they have done no segmental resec¬ 
tions; tliat the Madison gioup have done no segmentol resections; and that in many other 
reports they have done no segmental resections. Mr only response to this ohservntion is that 
in 1930 no one had done any resections. 

Dr. Julian Moore made porliaps one of U»e most valuable comments. In my notes, which 
I did not have time to rend, the lost sentence states—‘‘This operation is not a panacea, nor 
la it done without haiard, and it will reqnire ot least five years for real evaluation.^' 

DR. DAY (closing).—I should like to thank nil the dlscnssora. Dr. Wilson has been so 
kind as to point out that wo made no effort to sepamto the recent results from those of earlier 
years. Our recent results, of course, show lower fatality and morbidity rates than those for 
the total series, 

I should like to thank Dr, Davidson for his kind remarks. We have been deeply con¬ 
cerned about the problem of the open bronchus. It Is somewhat reassuring to know that 
we ore not the only onop plagued by this problem. Wltli regard to the destroyed lung, I 
think we are not particularly at variance with the opinion of Dr. Davidson and othera. A 
large number of lungs which, perhaps, one would classify os destroyed were found to havo 
high grade stenosis of tho stem bronchus and were, thorcforc, Included in the bronchostenosis 
group. 

I should like to correct tlie impression that we have not done any segmental resections. 
Separate mention will be made of them la the manuscript. Tlioiigh accompanied by more 
(llfBcultios than tbe lobectomies, the resMts have not been too bad. I believe that Dr. Tattle's 
criticism of Dr. Chamberlain is rnthor more severe tlinn intended. I think Dr. Chamberlain 
ii to be congratulated for Ms courageous attack on thbi problem. I am sure that Dr. Tuttle 
believes with the rest of us that segmenal resection will, indeed, play on increasingly impor¬ 
tant part in the treatment of pulmonary tuberculosis. 

DR. HUIMELSTEIN (closing).—would like to emphasixe that our report includes 
Cases operated on prior to the end of 1918, so that onr shortest follow-up Is about a year 
and one-half. Tlie comments by Dr. Wilson hold for the cases we have seen; there has been 
fine death in the lobectomy group since the use of streptomycin. 



PULMONARY RESECTION IN TUBERCULOSIS: ITS HAZARDS, 
INDICATIONS, ANJ) RESULTS 

John C. Jones, jM.D., and Joseph L. Robinson, M.D. 

Los Angeles, Calif. 

T he extent to Avhieh any tlierjipeutic ])roeediire i.s used in the ti-eatment of 
pulmonary tubei-eulo.sis i.s con.slantl.y modified by the results obtained. 
This is especially true in the early years of the develo])ment of a new surgical 
measure. Time and experience arc required for the perfection of the tech¬ 
nique and for the recognition and modification of the characteristic hazards. 
Even more time must elaiise during which lai'gc numbers of patients are fol¬ 
lowed and compared with jialients on Avhom more familiar therapeutic pro¬ 
cedures have been ])erformed. At the jiresent time, the surgical technique of 
pulmonary resection has licen fairly well developed and standardized, but the 
observation of the results obtained through its use is still in its early phase. 
Until comparatively recently, indications for resections v'cre based largely 
upon medical necessity. Patients came to the thoracic surgeon for resection 
because there simjily was nothing else available for them. Any extensive use 
of the operation as an elective ])rocedurc was limited by the high morbidity 
and mortality rates which accompanied it. Table I contains statistics collected 
from the literature, rciiorting o])erations done preMous to 1947 from three 
large surgical clinics. In a total of 343 operations, the morbidity rate was 51 
per cent, the mortality rate 28 per cent. 


T.\ni.E I. COIJ.ECTED Statistics 


SUUOKOX 

XUAiriKK OK 
PATIKN'TS 

1 Mor.niiETV 

1 JIOItTAl.ITA' _ 

1 XUMnEU 

1 PER CENT 1 

NUMBER 1 

pf:r cent 


Ovcrliolt' 

200 

82 

41 

51 

25 


Bailey2 

80 

50 

70 

23 

27.5 


Sweeta 

(i:{ 

.80 

57 

21 



Totals 

.84.H 

174 

51 

95 

2S 


Our experience ]ireviou.s to 1947 was quite similar. AVe had done 27 le 
sections Avith a morbidity rate of 37 per cent and a mortality rate of 29 pei cen 

THE hazards of PULAIONABY RESECTION IN TUBERCULOSIS 

The high morbidity and mortality rates preMously described 
to any fault in surgical technique, since the immediate operative moita ^ 
extremely low, but Avere rather due to factors inherent in the disease i s^ 
Since 1947, Ave liaA^e performed 96 resections on 95 patients, making a o 
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123 operntiona in 122 patients in the six-yoir period. The causes for the com¬ 
plications and deaths were not long in being recognized, and fall into three 
categories: 

1. Progi'cssion of pulmonary disease 

A. Early bronchopneomonia, either tuberculous, nontubercnlous, 
or mixed. 

B. Late. Evolution of latent or new foci of disease in the lung. 

2. Opening of the bronchial stump 

A, Early, duo to failure to heal. 

B. Late, due to progressive ulceration and sloughing. 

3. Empyema 

A. Early, due to overwhelming contamination at surgery. 

B. Late, due to progression of pleural tuberculosis. 


Table II. Haiaods or Poluokaky Rebection run TOBERonLOSis 


PRUIART 

COMPUCATIOXS 

' TOTAL, 123 

1 OPETRATlONa 

36 OPERATIONS 

NO BTREPTOMTOm* | 

88 OPERATIONS 
firREPTOUTCm 

1 itonnmiTT | 

Imortalitt 

1 itoRDntmr i 

lUORTAUTT 

1 MORBrpirr' 

^OftTALITT 







Spread of Diaeoflo 11 D,0 7 6.7 

Early 9 7 

Late 2 0 

7 20.0 6 17.1 

7 6 

0 0 

4 4.6 1 1.1 

2 1 

2 0 

Opening of Bron- 

cJdal Stomp 5 4.0 3 2.4 

Early 1 1 

Lnte 4 2 

5 14.1 3 8.0 

1 1 

4 2 

0 0 

0 0 

0 0 

Ei^yema 6 4.9 l 0,8 

Early 1 1 

Late 6 0 

4 12.4 1 2.8 

1 1 

3 0 

2 2.3 0 

0 0 

2 0 


1 2.9 0 



0 0 

2 2.3 2 2.3 

Unknemm 2 1.0 2 1.0 

0 0 

2 2.3 2 2.3 

Total 27 22.0 15 12.2 

17 61.6 in 28 0 i 

10 11.4 6 6.7 


•Included are 8 patfenta whoao orgimlsma had become atreptomre/n realstact due to 
loM-contlnued heavy doaea. AU had aerlout compUcatlona. 


In studying the complications which occuiTed in our patients, we have 
placed in one group those who did not receive streptomycin, or whose bacilli 
had become resistant to it through long continued large dosage; and in a sec¬ 
ond gronp all those patients who I’oeeived effective streptomycin therapy. 

A spread of their disease occurred in 7, or 20 per cent, of the 35 no-strep¬ 
tomycin patients, -with a mortality of 6, or 17.1 per cent. This complication 
occurred in 4.5 per cent of the 88 patients who received streptomycin with a 
mortality of only 1, or 1.1 per cent 

Opening of the bronchial stump occurred in 5, or 14.1 per cent of the no- 
streptomycin group, with a mortality of 3, or 8.G per cent In the streptomycin 
group this complication did not occur. 
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of the gmallor bronchi ivas suspected but not proved, are not included in this 
group, but comprise a rather large segment of the elective group—especially 
among the patients receiving lobectomy. It is in this third group that strcpto- 
rayoin has been most helpful in preventing complications and death. As wiU be 
seen in Table IV, the mortality rate among the patients in this group not receiv¬ 
ing streptomycin ■was 23 per cent, whereas among the patients receiving strepto¬ 
mycin, it was only 5.3 per cent. Actuoll 3 ' there were no tuberculous complica¬ 
tions from it, the two deaths which did occur being operative deaths—one due 
to an unfortunate anesthetic complication, and the other duo to unmanageable 
postoperative shock. 

4. Diagnostic problems. Occasionally it is unwse to delay surgery while 
a time-consuming search is made by culture or animal inoculation for tubercle 
baciUL This is especially true in the older age group of patients where 
bronchiogeuic carcinoma may be suspected. It has been our policy to explore 
these patients, and if the diagnosis cannot be made by gross examination alone, 
or of an available lymph node, to resect the lobe in question. When the patho¬ 
logic examination discloses carcinoma, the remainder of the lung is resected. 
There were 6 patients in this group ivith no postoperative complications. 

5. Elective. This is the second largest group in our series. It includes all 
patients in whom a choice was made between resection and thoracoplasty, or 
some other surgical collapse procedure. About one-half of our lobectomies 
fall into this classiflcation. As the indications for resection become better 
defined, it 'will probably become smaller. At present, the selection of patients 
for resection requires the combined -wisdom of the medical and surgical team. 
It must be based upon a thorough knowledge of the patient’s past reactions to 
his disease, an expert appraisal of his present status, and a 'wide experience 
in various forms of surgical therapy. It goes -without saying that the patient 
must have had a prolonged period of observation -under controlled conditions, 
and a thorough diagnostic work-np including the best in x-ray and broncho- 
scopic studies. 

Among the considerations wliich have led us to do elective resections are the 
following: 

A. Suspected, but not proved, tuberculous bronchial disease. It is becom¬ 
ing increasingly apparent that there is more tuberculous bronchitis than has 
been preoperatively diagnosed. Buckles and Neptune” have reported studies 
on 57 resected lungs. In 14 per cent, tuberculous bronchitis was diagnosed 
preoperatively, but it was found by the pathologists in 66.G per cent. Like- 
-wise, Overholt and his co-workers” report in a study of 62 lungs resected after 
thoracoplasty failure, a pathologic finding of tubercnloua bronchial disease in 
64.5 per cent, as compared to a preoperative diagnosis in 37.1 per cent Auer¬ 
bach’ found tuberculous bronchitis in 42.1 per cent of 1,000 consecutive autop¬ 
sies on tuberculous patients. Jones and associates” conclude that bronchiec¬ 
tasis arises in reinfection disease in 50 per cent of fatal cases, and that it 
develops ^vith surprisingly high incidence after primary tuberculosis in chil¬ 
dren. In our e.xperience, patients whose disease remains more or less station- 
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ary, with no definite x-ray indication of cavity, yet a persistent or occasional 
positive sputum, are especially suspected of ha^^ng tuberculous bronchial 
disease. The x-ray finding of “honey-combing” alwaj^s leads us to suspect 
bronchiectasis. AVe lielieve that most such ])atienls will not get well without 
a resection. 

B. Patients whose ])ast i-oenlgenograms show a large amount of disease, 
which has partially healed with considerable searring and fibrosis. Such lobes 
or lungs are likely to become the seat of much chronic pulmonary suppuration, 
even though adecjuatcly collapsed by thoracoplasty. 

C. Cavities which have I’copencd after discontinuation of a thera- 
])eutically adequate pneumothorax are not likely to respond well to a second 
collapse procedure. 

D. Cavities located near the hilum or mediastinum may either fail to 
respond to thoracoplasty, or require .such an extemsive one as to sacrifice a 
great deal of good lung tis.suc. In .such ease.s, I'csection may iirove to be the 
more conservative procedure. 

E. Nonexpendable lung, frequently .seen after long continued pneumo- 
Ihoraccs. is often best treated by decortifieation of the “good” lobe, and a re¬ 
section of the diseased one. 

F. Tuberculomas of any con.sidcrable size, which have been under obser¬ 
vation for some time without apparent change, .should be considered for 
resection. 


RE.SUUT.G 

The immediate results in our scries of 123 resections have been dealt with 
in considering the complications and indications (see Tables III and IV). We 
have not experienced a large number of late complication.s, such as reactiva¬ 
tion, Avhich others (notablj' Sweet’®) have reported. AVe have continuousl} 
adhered to the iirinciple that in resecting a lobe or a lung, we were meiej 
removing the worst of the patient’s tuberculosis, and thereby putting him in a 
favorable condition to control the remainder of the disease. We have insistec 
before accepting patients for resection, that they agree to undergo a piolonbCc 
period of bed I'cst following surgeiw. This ])ractice we believe to be lery mi 
portant in preventing late complications. 

Our patients have been referred to us fi'om I'arious jihysicians and 
toriums, including many from out of the state. Follow-up studies, if tiej 


OPERATION 

Lobectomy 

Pneumo- 

neetomy 

Total 


TaBI.E V. BAUEOW .SAXATOUmM Patiest.s 


operative RE.Sni/T 

SPUTUM STUniES 

—- 

number 

MOn BIDITV 

MORTATATV 

---— 

IMMEDIATE 

NEOATIVE 

liATER 

NEGA¬ 

TIVE 

TOTATj 

neoatut. 

AliTER* 

NATEL'S^ 

negative 

AND 

POSITIVE 

0 


I MUJtWJiHTV I illUKTAIWTi | a i _ __ 

15 2 0 11 r 3 

19 4 2 9 5 1-1 


27 (8L4^ 


34 


0 nT.OTfi-) 


2 (5.9%) 


20 
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to be of nny gront significance, require that tlie patients be examined trith 
similar techniques and under like eonditions. Sanatoi-iums which have facili¬ 
ties for careful and extensive foUow-up studies, are the most suitable sources 
for nceumulating accurate infonnation. 

Among our patients are 34 from Barlow Sanatorium. Of these, 2 died in 
the hospital and did not return to the sanatorium (see Table V). Of the 32 
who returned to the sanatoriimi, 20, or G2.5 per cent, had immediate and per- 
sisteutly negative sputum. By negative, we mean at least three consecutive 
pooled sputum and gastric washings injected into guinea pigs with negative 
results. An additional 7 patients converted to negative while in the sanato¬ 
rium, making a total of 27, or 84.4 per cent, with persistently negative sputum. 
Five, or 15.G per cent, had alternately positive and negative examinations, ivith 
the latest one negative in 4, and positive in one. In none of them has the 
sputum been continuonsly positive. Fifteen had surgery more than two yeais 
ago. Fourteen of these are working and in good health. One still has active 
disease in the contralateral lung. This disease was present at the time of sur¬ 
gery. In addition to the 2 patients who died, 4 patients developed complica¬ 
tions follovring surgery. One had a bronchopleural fistula with empyema. 
She has closed the fistula and converted the sputum, and is awaiting additional 
surgery to eradicate the empyema. One had a pure tuberculous empyema ap¬ 
pear a year after surgciy. Sputum has remained persistently negative. One 
had a late appearance of disease in the remaining lobe after resection of the 
right upper and middle lobes. He has since had the pneumonectomy completed 
and has a negative sputum. One developed an ipsolateral spread, or reactiva¬ 
tion, after segmental resection. She had two negative sputum and gastric 
examinations before the new disease appeared. She has since had a thoraco¬ 
plasty with two negative examinations since the thoracoplasty. 

It is interesting that one of the patients who died did well for five days 
and then developed x-ray emdence of contralateral disease. This disease con¬ 
tinued to spread even though the patient was on streptomycin, and other anti¬ 
bacterial agents. He finally died sixteen days postoperatively, and the post¬ 
mortem examination showed extensive disease in the contralateral lung. No 
tubercle bacilli could be cultured from the lung, and the microscopic slides 
were very puzzling to the pathologists. It was finally decided that the mono¬ 
cytic type of infiltration was most characteristic of a tuberculous reaction even 
though the picture was not entirely characteristic of that disease. It was 
classified as a death due to a tuberculous spread. 

l>OSTRESECTION THORACOPI-ABTY 

We feel that the question of the need for thoracoplasty following resection 
has not been entirely settled as yet. Early in our e.xpei'ience we performed few 
postresection thoracoplasties. Following receipt of reports from other clinics 
describing frequent reactivation in patients not protected with tlioracoplosty, we 
have performed this operation routinely following pneumonectomies, and in so- 
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lected cases following lobectomy. Yet a study of results in our earlier cases who 
did not receive thoracoplasty does not give convincing evidence of the need for 
it in any but selected cases. 


Table VI. Thobacoplartv vs. Nonthoracoplasty 





1 LATE COMPLICATIONS 




number 

EARX.V COM- 
ri.ICATIONB 

TUBER¬ 

CULOUS 

NONTUBER- 

CULOUS 

TOTAL 

NUMBER 1 PERCENT 

No postrescction 

thorncoplnsty 

Cl 

3 

3 

3 

0 

14.7 

Lobectomy 

20 

0 

2 

0 

2 

6.9 

Pneumonectomy 

P,2 

3 

1 

3 

7 

21.9 

Postrescction 

thornctoplnsty 

.15 

4 

0 

0 

4 

11.5 

Lobectomy 

10 

2 

0 

0 

2 

20.0 

Pneumonectomy 

25 

2 

0 

0 

2 

8.0 


As will be seen in Table VI, 29 lobectomies and 32 pneumonectomies did not 
receive postrescction thoracoplasty in the immediate period following resection. 
Of this number, two lobectomies and three pneumonectomies later had thoraco¬ 
plasty performed because of complications. Early complications arising in pa¬ 
tients receiving thoraeoplasty were about the same as in those not recening 
thoracoplasties. No late complications have yet appeared among the 35 patients 
who received thoracoplasty. One late empyema developed among the 61 patients 
who did not receive thoracoplasty. One late ipsolateral spread occurred in a 
patient who had a middle and upper lobe resection without thoracoplasty (see 
Barlow Sanatorium report). Three patients developed a nontuberculous com¬ 
plication which required thoracoplasty for its correction. All thi'ee weie 
sided pneumonectomies. Two of them bad smnptoms due to marked shift o t e 
mediastinum, and one had right-sided heart failure. But thus far there ave 
been no reactivations of disease in any of the pneumonectomy patients on w om 
we did not perform a thoracoplasty. Neuhof and Nabatoff” recently pu is 
results of angiographic study of the form and function of the remaining mio 
after pneumonectomy. They observed that whether mediastinal shift was giea 
or little, the change in form and function of the remaining lung is not so giea 
as we have been led to expect. 


SUMMARY 

1. A series of 123 consecutive pulmonary resections on 122 patients p ^ ^ 
formed between 1944 and the end of 1949 has been studied. Among 

34 carefully followed patients from Barlow Sanatorium who la^e s 
sputum conversion of 85 per cent. ^ 

2. The hazards of pulmonary resection for tuberculosis axe c ^ 
hazards inherent in the disease itself, rather than in the opera 

In our experience, they have been markedly reduced by e e ^treo- 

»tibacte.-M agent., such as stfeptomycin. In 35 

tomycin the morbidity was 48.6 per cent and the moitabty • 

88 patients recei^^ng streptomycin the morbidity was 1 . P 
mortality 5.7 per cent. 
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3. Primary indications for resection which we have obsen'Cd have been: 
(1) collapse failure, (2) destroyed lung, (3) chronic bronchial disease, (4) 
diagnostic problems, and (5) elective. In the latter group are such indications 
as suspected, but not proved, bronchial disease; caidties poorly situated for 
response to thoracoplasty; cavities which have reopened after discontinuation 
of successful pnuemothorax; tuberculomas; and cases in which there is exten¬ 
sive fibrosis and scarring of pulmonary tissue due to tuberculous disease. "We 
are of the opinion that chronic tuberculous bronchial disease in its various 
manifestations is by far the most important indication for resection. 
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PULSIONARY RESECTION FOR TUBERCULOSIS 
WITH STREPTOSIYCIN 

C. Walker SIunz, SLD., and Arthur Adelaian, SI.D. 
Cletoland, Ohio 


A lthough one of the first planned lobeetoinies for pulmonary tuberculosis 
was done by Dr. S. 0. Freedlander, in 3934, at Cleveland City Hospital, 
thei'e had been little enthusiasm for pulmonary resection here iintil the advent 
of streptomycin. Fifteen cases of resection were done jirior to the use of 
streptomycin. The first patient is still living, with a negative .sputum. How¬ 
ever, because of a 20 per cent operative mortality rate and many complications, 
other forms of therapy were used whenever possible. We wish to review fifty- 
three consecutive cases of jndmonary resection Avith strc])tomycin performed 
for tuberculosis between IMarch, 3947, and August, 3949, These comprise the 
eases selected for jnilmonary resection from the 800 beds at Lowman PaAilion 
and Sunny Acres Hospital, the sanaloriums .serAung the City of Cleveland and 
Cuyahoga County. In a combined conference the medical and surgical staffs 
of both institutions determine all therapy, and selected this group for resection. 
Forty-six pneumonectomies and seven lobectomies compidsc the fifty-three cases 
in this series. Thei'e Avcre four deaths, a mortality of 7.5 per cent. Each pa¬ 
tient in this series received streptomycin befoi-e, dui'ing, and after surgery. 
FolloAving surgeiy, a modified thoracoplasty, ns suggested by OA*erholt and 
associates,‘ Avas carried out after jmcunionectomy and upper lobectomy. A 
permanent phrenic interruption Avas done folloAnng loAver lobectomies. 

The main indications for resection were those commonly used: (1) de¬ 
stroyed Ring, (2) bronchial .stenosis, and (3) collapse failure. Some of the 
cases fell under more than one heading, but the principal indication Aims cho.seii 


for classification in this study. 

In the selection of patients resection aa'rs considered to be a radical, ir¬ 
revocable, and occasionally^ hazardous procedure. It Avas felt that, in com¬ 
parison to other types of therapy, it should offer the onlj' or the best chance 
of cure. It must be remembered that functioning pulmonai'y^ tissue as Avell as 
diseased ti.ssue is usually removed by resection. Where pulraonaiy fimction is 
borderline, overenthusiasm for resection may result in a respiratory cripple 
or death. In our eases, resection has not been used Avhen it Avas felt that lesser 


measures of therapy Avould reasonably control the disease. Unless there was 
an urgent or specific indication for resection, collapse procedures have been 
employed. On the other hand, when it Avns felt that a collapse measure such 
as thoracoplasty Avas of questionable Amine, or Avhere the patient would ulti¬ 
mately remain Avith one functioning lung, resection Avas the primary choice. 
This Avas done in preference to the performance of a multiple stage thoraco 
plasty, A\nth its attendant dangers of spread, and the possibility of a later 
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resection which in our experience is usually more difficult than an initial re¬ 
section. Chronic bronchial stenosis was considered an absolute indication for 
resection, other factors permitting. One group of patients bi whom it was 
thought that resection offered the best chance for successful treatment were 
the cases of unilateral acute pneumonic tuberculosis. 

Table I illustrates the indications for resection and lists the number of 
cases in each categoiy. 


Tahu! I 


INBiaVTION 


NUMBER or CAflFM 

1. Destroyed lung 


20 

A. Extenairo acute pneumonic disease 

10 


B. Nonacute disease 

10 


2. Bronchial stenosis 


14 

3. Collapse failure 


10 

4. Tuberculoma 


o 

5. Hemorrlmgo 


1 

Total uunilx?r of cases 


63 


Observations can be made best from a study of the results and complica- 
tioim of each grouj) separately. 


DESTROTED LUNG 

Of the fifty-three cases, twenty-six were resected for a destroyed lung. By 
destroyed liuig is meant a condition in whicli the pulmonary tissue of one lung 
or lobe shows complete or almost complete involvement by caritatiou, extensive 
pneumonic disease, chronic fibrocascous disease, or by a combination of these. 
Of the twenty-six patients, sixteen had extensive acute unilateral disease. The 
remaining ton were operated upon for fibrocascous disease with cavitation. The 
only lobectomy in this group was done for a gmnt cavity. 

In the ten nonacuto cases, there were nine pneumonectomies. Five were in 
colored and four in white patients. Seven were women and two were men. The 
yomigest was 15, the oldest was 43, and the average age was 29.6 years (see 
Table II). There were no complications in this group, either dni’ing or after 
surgery; at present all are living and well from two years to eight months post- 
operatively. One patient in Uiis group was treated by left lower lobectomj' for 
a giant carity. Postoperative coiuse was uneventful except for a small acute 
spread to the left upper lobe almost unmediately after resection. This was con¬ 
trolled b.v a permanent phrenic nen'c operation and pneumoperitoneum. lie is 
working full-time one and one-half years after operation. 

Table II 

__ BSSTBOYED LTJKO—TEN OASES _ 

Pncnmonectomies 0 Lolieotomy J 

^Vllite 5 Male 3 

Colored 5 Female 7 

Ago Kange:—■ 16 to 43 years 
Average:— 20.6 

. _Complicationg;—Spread to remaining lobe in lobectomy__ 
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TJic ^roiip of sixteen Rente esses comprises the Isrgcst nnmher of pstients 
under one category. It also contains three of the four deaths. All sixteen pa¬ 
tients required pneumonectomy, altliougli one was done for technical reasons 
after a lobectomy had been successfully performed. There were thirteen colored 
and three wliite patients in this group, and of these, nine were men and seven 
women. The youngest was 19, and the oldest 54 years of age. The average age 
was 32 years. 


Table III 


acute PXEUilONIC MSEA.se—SIXTEEN CASES 


Pneumonee.tomv 16 

White a ‘ :Ma]e 9 

Colored 13 Female 7 

Ago Tlangc :— 1!) to 54 years 

Average Age;— .32 years 

Complications; Wound Infections 2 

Deaths (.3-16) 18.7% 


In reviewing these cases, oilier than the three deaths and two wound infec¬ 
tions, there is a gratifying lack of incidents to report. AU patients received 
streptomycin prior to surgery, varying from twenty-sLx to eighty daj^s. The 
average was 46.6 days of streptomycin. The dosage was 1 Gm. per day. The 
patients were obsciwcd carefully while on streptomycin, and when it was felt 
that they had obtained their optimum result from this therap.v, operation was 
performed. All the patients had been very febrile prior to the institution of 
streptomycin therap.v. Two cases continued to hove a low-grade fever at the 
time of surgery. The others had been afebrile from seven to 165 days, an aver¬ 
age of forty-three days, before surgciy. The operative procedure itself was 
easier than in the chronic cases. Adhesions were usually not present, or when 
present were thin, delicate, and easily dissected, unless there had been pre¬ 
vious infection. The postoperative course was no different than that of the 
more chronic cases. The majority of the patients had a relatively afebrile 
course. It was noted that almost iin'arinbly, about one week after operation, 
their general appearance was improved and they had a feeling of well-being 
which was apparent even at this early date. 

Of the sixteen acute patients, three died, a mortality of 18.7 per cent. Of 
the remaining thirteen patients, one was killed one year postoperatively fol- 
lowng discharge from the hospital, Avhen she Avas stabbed A\ath a knife in the 
remaining lung. TavcIvc patients are living and Avell, from tAvo and one-half 
years to six months postoperatiA’’ely. It is interesting to note that Avhile the 
mortality rate in the acute cases was 18.7 per cent, there Avas only one death 
in the thirty-seven nonacute patients, a mortality rate of 2.7 per cent. Foi 
this reason the three deaths in the acute group Avill be considered in some deta . 

CASE REPORTS 

The first death occurred in a Negro man, C. K., aged 23 years. Tlie right 
tvnq the seat of dense, pneumonic disease with a four-centimeter cavity. The mi e an 
lower lobes contained scattered disease. The dissection of the lung '’^tienrhaXg 

difficult. At the end of the procedure, the blood pressure was 70/30, the pa 
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received 1^00 c.c. of Baline, 600 c.c. of plnsma, and 1^00 c.c. of ■whole blood. He received 
an additional 600 c.c. of plasma and 500 c.c. of blood during the afternoon and died five 
hours poatopemtivelj' of acute polmonarj* edema. This patient’s pulmonary edema was 
probably doe to the injudicious use of intravenoutf'‘fluids. 

The second death was tliat of B. K., a white-man, aged 61 years, who hod a first-stage 
thoracoplaaty on Nov. 27, lt>48, under lo<^ nne8thdsla,'for.a large cavity at the right apex. 
Postoperatively he had a massive broHchiogenlc spread to the'entire right lung. Eight 
pneumonectomy was performed on Jan. 26, 1D40. The pleural cavity was contaminated by 
the rapture of a small coseating focus as the lung was being taken from the wound. The 
postoperative course was febrile, but not too sfotmy'^until seven days postoperatively, when 
the patient suddenly went into niild shock with a temperature of 38.6* 0. Ho complained 
of pain in the right upper quadrant of the abdomen, with tenderness and slight spasm. 




Flff. 1.— A, Admission roentgenoffram of tho chest (Blorcb S, 1947) on the first patient 
wtth acute disease which was resected. B, Preoperatlve roentcenogrom (June 11, 1947) on 
the same patient 

Following this episode the patient developed cough and continued to run fever. The wound, 
which had been healed, broke down in small areas, about three weeks postoperatively. 
About the same time he s&rted to raise sputum colored with old blood. A postpneumonec* 
tomy thoracoplasty was ddn^’.ln two stages, forty-alx and forty-seven days after pneu¬ 
monectomy. After this procedure the patient was in poor condition. He died seventy days 
after pneumonectomy with a bronchopleural-cotaaeoas fistula, infected wound, and spread 
to the contralateral long. 

The third death •was that of J. F. R., a Negro man, aged 42 years. A diagnosis of 
pulmonary tubercolosla had been, made in December, 1948. A roentgenogram of the chest 
revealed dense disease throughout the right upper lobe with conaiderablejiKatterod disease 
in tho middle and lower lobes. At operation, tho apex of the lung was ^densely adherent 
and an apical cavity was opened in the dissection of tho long from the pleura. The pleural 
space ■was aspirated daily for two weeks after operation, with streptomycin and penicillin 
being Instilled into the pleural cavity to prevent an empyema. The postoperative course 
was apparently uncomplicated when, on the twenty-fifth day after surgery, he had a sudden 
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Fig. 2.— A, Admission roentgenogram of the chest (Oct. 2, 1947) on B. K., the second reported death. Cavitation Is present. B, Prethoracoplastj' 
roentgenogram on B. K. (Oct. 7, 1948). C, Postthoracoplasty roentgenogram on B. K. (Nov. 30, 1948) showing Increase of disease at the right base 
which showed no change up to the time of pulmonectomy. 
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chill and elevation of tompemturo to 39.3* C., with a complaint of ‘'aorenew of abdominal 
mnsclea." The abdomen wna dilTuaoly tender. It woa apparent that the patient had a 
bronchopleural fiatula, and he began oxpectomtlng brown flnid. His course remained feb¬ 
rile In spite of therapy. Poatpnoumonectomy thoracoplasty waa done on the forty-ninth 
postoperative day in an otTort to obliterate the pleural space and to close the bronchopleural 
fistula. Ho quickly developed contralateral spread, remained febrile, and died eighty-three 
days following pneunionectoniy. 

In theKC two patients with Uronchinl flstnlns, it wns first thought than on 
ompyoinn develoiied ns n refmlt of the spill of purulent material wliioh occurred 
at the time of surpory and that the bronchial fistulas were secondary to this. 
Those eases were tronfed for two weeks after surgery by daily complete aspira¬ 
tions of fiuid from the pleural cavity and the instillation of 1 Gm. of strepto¬ 
mycin and 500,000 units of penicillin. There wns no evidence of infection in 
the plenrnl flnid which wns nspii'ntcd daily. 

Tliere were seven cases of pleural contamination in the thirty-seven non- 
nente cases, which were treated similarly with no untoward developments. For 
this reason we think that the pleural contamination wns not the cause of the 
fatal sequence of events. Despite the careful closure and plenralisation of the 
bronchus in each ease a bronchial fistula developed for some unexplained 
reason in these two. Tironchoscopy before sni’gcry and examination of the 
specimens postoporntively revealed no bronchial disease. 

There is emdcncc in these cases that when a bronchial fistula does occur 
it is quickly followed by a severe reaction. The reaction may be a sudden 
change in intrapleural pressure or signs of irritation to the pleura ns mani¬ 
fested in n, K. on the seventh iwstoperntive day, by mild shock, a temperature 
of 38.6° C., pain, tenderness and slight spasm in the right upper quadrant of 
the abdomen, and the development of congh. In the case of J. F. R., after an 
uneventful course, the patient on the twenty-fifth postoperative day, suddenly 
developed a chill, temperature of 39.8° C., and soreness of the abdominal mus¬ 
cles. In the future, any such episode shall be considered ns evidence of open¬ 
ing of the bronchus. The patient shall he taken to surgery and an eight-rib 
thoracoplasty 'will bo carried ont, dnring which time the pleural cavity ■will be 
evacuated, the hronchns inspected and resutnred if necessary. This procedure 
would perhaps he unnecossni-y if the thoracoplasty were done at the time of 
pneumonectomy, ns advocated by Ivei-son and Skinner.' We believe that the 
combination of the two procedures is ideal, especially in acute disease. How¬ 
ever, after a brief experience this combination has been judged too extensive 
for most of onr patients. 

In a recent case of pneumonectomy for tnbercnlosls, not included in this 
report, mild shook occurred on the fourth postoperative day. A sensation of 
air bubbling in the chest, was felt by the patient, there was sudden deviation of 
the trachea to the nnoperated side, and air was aspirated from the pleural 
apace where only fluid had been obtained previously. Two days later her tem¬ 
perature, which had been normal during the postoperative period, went to 
38.5° C. The procedure as preriously outlined wns carried ont No bronchia} 
fistula was found. Her subsequent course has been uneventful, 
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The first opening of the hronchns may be only small or temporary, because 
our patients did not cough up bloody fluid, or have other evidence of a sizeable 
permanent opening of the bronchus at the time of the first acute episode. 
It may be impossible or not feasible to close a bronchial fistula as has been 
suggested. In these two cases there was a time lag of twenty-one days and 
thirteen days from the first sjnnptoms of bronchial opening until it was defi¬ 
nitely knovTi that a bronchial fistula existed. If the bronchus were inspected 
immediately the defect might be so small that successful repair could be ac¬ 
complished. In any case a complete eight-rib thoracoplasty done before gross 
infection had set in should offer a better chance of healing than after exten¬ 
sive infection and drainage had been done. Antibiotics are also more effective 
early. The chances of thoracoplasty wound infection after gross infection 
of the pleural space are increased becau.se of infection extending from the pleura 
through the pneumonectomy rib defect into the soft tissues of the chest wall. 

BRONCHLVL STENOSIS 

Fourteen patients had bronchial .stenosis. Eight had stenosis of the main- 
stem bronchus and six of an uiiper lobe bronchus. In all the diagnosis was 
made preoperatively by bronchoscopy and wms the priraaiy indication for 
resection. Lobectomy ivas planned in four of the cases with upper lobe bron¬ 
chial stenosis. However, at operation a significant amount of disease was 
found in the lower lobe, and it wms felt that it wms dangerous to allow this to 
remain. Therefore, pneumonectomy w'as done in these cases. 

Of these patients thirteen w'cre female and one male. Three were colored 
and eleven white. Tlie youngest was 26, the oldest 57, and the average age 
was 34.4 years (see Table IV). In all cases the bronchial stenosis and pul¬ 
monary disease were mainly chronic in type. It ivas noted at operation that 
the bronchus Avas difficult to dissect, due to a peribronchial inflammatoiy re¬ 
action Avhieh Avas more marked than in any other gi’oup. There Avere no com¬ 
plications during or after surgery, AAith the exception of one AA'Ound dehis¬ 
cence. The Avound Avas resutured and healed Anthout infection. All patients 
in this group are liA'ing and Avell, sputum negatiA'c, from tAvo 3 "ears and ten 
months to eight months after surgery. 

COLLAPSE FAILURE 

Ten patients Avere operated upon for collapse failure. Onlj'^ five Avere le- 
ported to haAm bronchial stenosis bj’’ pathologic examination of the specimens. 
Five were failures of thoracoplasty to close the cuAuty. Three had been treate 


Table 


BROKCIIIAL STENOSIS—FOURTEEN CASES 


Pneumonectomy 14 Cases 

mite 11 Female 

Colored 3 Male 

Age Range:— 26 to 57 years 

A\’erage Age:— 34.4 years 

Complications: None 


13 
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with pnenmothorax, pnounioperitonetun and phrenic crush, and two were fail¬ 
ures of pneumothorax alone. There were six pneumonectomies and four lobec¬ 
tomies in this group. 


Table V 


_ CQLLATBE FAmUREa—TES OABEB _ 

PneuraoBOctomiefl 6 Lol)ectoinies 4 

Collapse Used: 

Thomcoplorty 5 Pnenmothorax 2 

Pneuinotliorax, 

Phrenic Crash nnd Pneomoperitoneum_^ 


These patients all had a fair trial of one or more of the collapse pro¬ 
cedures. The shortest period of collapse was six months in a patient treated 
by thoracoplasty. The longest was thirty-six months (a combination of pneu¬ 
mothorax, phrenic crush, nnd pnenmoperitonenm). The average duration of 
coUnpse was nineteen months. One of the patients was colored and nine were 
white. The youngest was 22 years of ago, the oldest 48, and the average age 
was 31.6 years (see Table VI). Tho resections following thoracoplasty were 
technically more difficult than the average. One of the cases was eomplicated 
preoperativoly by an eflfusion positive for tubercle bacilli, nnd infected thoracos¬ 
copy sinus tracts. 

There were three tuberculous wound infections in this group, nnd one 
death. Two of the wound infections were excised at the time of thoracoplasty 
and healed per primum. Tho third occurred in the case that died. Death was 
due primarily to respiratory insufficiency in one of the lobectomies. One pa¬ 
tient was living and well for two years, sputum negative, nnd with no sign of 
activity of the disease. She died suddenly at home one night before she could 
be seen by a physician. An autopsy was not obtained. One has recently de¬ 
veloped a cavity in the remauiing lung one year after resection. One died 
seventeen months after surgery of cor pnlmonale; the remaining six cases are 
living and well, sputum negative, from thirty to ten months postoperatively. 

Table VI 


_ COriLATgE FAILDRE8—TEN CAfiEfi _ 

^Vlllte 9 Fomalo 7 

Colored 1 Male 3 

Ago Ban^:— 22 to 48 year* 

AveraM Age:— 3L.6 years 

Complications: Wound infections 3 

Deaths 1 


TUBERCULOMA 

There were two cases which were interpreted os tuberculoma. Both coses 
had positive sputum and other signs that the le.sion had developed caseation. 
Both wore female, one colored and one white. Bach was treated by lobectomy 
and both bad uneventful imstoperative courses. Tliey are both lirnng and 
well, sputum negative, eight and eleven months after resection. 
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HEMORRHAGE 

One case was clone for hemoptysis. The patient was a 28-year-okl Negro 
man for whom a thoracoplasty had hccn planned and the first stage carried 
out. Several days later, severe hemoptysis oeeurred and pneumonectomy was 
performed as a life-saving procedure. Pathologic examination of the hmg 
revealed ero.sion of the cavity into an ad.iaccnt blood vessel. The patient also 
had an oxten.sive caseous jilcurisy which was decorticated. The postoperative 
oour.se wa.s .stormy, Init without major eom])]ication. He has had no pulmonaiy 
spi-ead of llio disease seventeen months after surgciy, but lie did develop tnber- 
culous osteomyelitis of the left foot and anhlc, for which an amputation v’as 
done in September, 1949. 


sum:mary 

Fifty-llu-ee consecutive ca.scs of pulmonary resection for tuberculosis are 
presented. Four deaths oceuiTcd, a surgical mortality of 13 per cent. There 
were three deaths in the sixteen acute cases, a mortality of 18.7 per cent. All of 
the patients received streptomycin before, during, and after surgery. Of the 
forty-nine patients who survived, none developed complications such as broncho¬ 
pleural fistula or emiiycma, and only one has developed a spread on the contra¬ 
lateral side. Although the mortality wa.s higher in the patients -with acute 
pncutnoiiie disease, it is felt that in these cases especially, resection offers al¬ 
most the only chance of recovery. Observation in the patients who developed 
bronchopleural fistulas has led us to the conclusion that the opening of the 
bronchus may be small at fir.st, and may be charactenzed by mild shock, upper 
abdominal pain, and fever. It is our belief that the results of this complica¬ 
tion may possibly be prcveiilcd by immediate thoracoplasty with inspection 
and resntuving of the bronchus, if possible. To date, the results of pulmonary 
resection with streptomycin have been imprc.ssivc. AVe feel that this procedure 
is now an important part of oin’ nrmamcntarinm in the treatment of patients 
■until pulmonaiy tnberculo.sis. 

Tlic authors arc indebted to Dr. Sidnc}’ K. AVolpnrv for advice rendered during the 
preparation of tbis paper. 
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PRIJIARY NEUROFIBROSARCOMA OF THE DIAPHRAGM 
Report of Two Cases 

Paul. C. Samson, JI.D., and SIax E. Ciuldress, ILD. 

Oakland, Calif. 

T he unique character of primary diaphragmatic tumors is intriguing to 
both the clinician and the pathologist because of the combined problem of 
diagnosis, thera])y, and cell derivation. 

While several different cell types have been encountered, a search of the 
literature fails to reveal any pnnmry tumor of the diaphragm classiflod as 
neurofibrosarcoma. It seems worth while, therefore, to record two personal 
cjises, believed to be the first so reported. 

LN'CIDENCE OF PBI.MARY DIAPIIRAaMATIC TUMORS 

Scott and Morton' collected tliirlj’-tln-ee primary tumors of the diaphragm 
which had been reported between 1808 and 1946. Pour of these were not 
established by operation or autopsy and have been discarded. This leaves a 
total of twenty-nine proved cases. Since 1945, Rosenthal and Prissell,' Van 
Alstyne,* Branwood and Glasebrook,' and Grow, Bradford, and Mahon' have 
contributed four additional tumors. The two cases of the present report 
increase the total to thirty-five. Seventeen of the thirty-five tumors were 
classified as benign and eighteen ns malignant 
The cell types were recorded as follows: 


Tadle I 


BENIGN 


1 MAUONANT 


IJpomn*-® 

4 

Flbroaarcortm*. 

G 

Cvsti. 10. It 


Bhabdomyosarcoma^s. so, 

3 

Fibroma”. ” 

2 

Myosarcomaso 

1 

Chondroma” 

1 

Leiomyosarcoma” 

1 

Angiofibroma” 

1 

Fibrorarosarcoma” 

1 

Hemangioondothelionia* 

1 

Boond-cell sarcoma*® 

1 

Lj’mphangiomai* 

1 

Undi/Terentiated aarcoraa*! 

1 

Neurofibroma” 

1 

cell sarcoma* 

1 

Bhabdomyofibromai* 

1 

nepatoma from embryonic cell 
rest** 

1 

Fibromyomai* 

Fibroangioendotholioiiia* 

1 

1 

Ke a ro fl b rosa rcora a 
(present report) 

2 

Total 

17 

Total 

IS 


Surgical e.xcision was performed in fourteen cases. While there is a 
paucity of information regarding postoperative survival times, the results 
which have been reported are given in Table H. 

CASE REPORTS 

Case 1.—n. Y., a SS-j-car-old vhite man, vna refeiretl to ua' in February, 1946. In 
1940, the patient was admitted to the Alameda County Hospital with the complaints of swell¬ 
ing of the right ankle and knee, and fleeting pains with stiffness in the joints of the right wrist. 

Received for publication Fob. 27. 1030. 

•By Dr. Kenneth Jenkins. 
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Table II 




Trimary Jtcniyn Tumors 


AUTHOR 1 

DATE 

1 TYPE j 

1 SIDE 

1 RESULT 

1. Bonamyis 

1912 

Multiple fibromas 

Right 

Recovery 

2, Soderlundo 

1937 

Lipoma 

Left 

Eccovery 

3. Kinsellaio 

1939 

Filiromyoma 

Right 

Recovery . 

4. Butlcrio 

1939 

Cyst 

Left 

Recovery 

5. ArklessJs 

1942 

Rhabdomyofibroma 

Loft 

Recovery, died 7 years 

6. Sotoz 

1943 

Lipoma 

Right 

postop. from causes 
other than tumor 
Recovery 

7. Robson nnd Collisii 

1944 

Cyst 

Right 

Right 

Recovery 

8. ivlnsscn. Button, and 

1945 

Neurofibroma 

Recovery, well 7 months 

Bemeiiiz 

9. Scott nnd Mortoni 

1946 

Cyst 

Left 

postop. 

Recovery 


Trimary MaUynani Tumors 


1. 

Gross=u 

1911 

Fibrosarcoma 

Loft 

Recovery, died 7 montlis 
postop. from recurrence 

o 

.Sauerbruchim 

1913 

Fi 1 irom vosa rcom a 

Left 

. Recovery 

3. 

Gale nnd Edwards^c 

1939 

Ilepaloma (cmliry- 
onic cell rest) 

Right 

Recovery, well 7 months 
postop. 

4. 

Ackermannci 

1942 

Fibrosarcoma 

Right 

Recovery 

5. 

Samson and Childress 
(Case 1) 

1946 

Neurofibrosarcoma 

Left 

Recovery, well 4 years 
postop. 


fingers, nnd toes. TJocntgonograms of the linnds aiu] feet at tlint time wore normal. The 
joint sjTuptonis liad subsided sonicwlmt during the four-j'cnr period from 1941 to 1945, In 
1946, only careful questioning revealed symptoms referable to the chest. The patient had had 
a chronic cough for many years which had become more pronounced during the previous year. 
For possibly one year tho patient admitted to mild dyspnea on exertion which he had com¬ 
pletely ignored and, on bending forward, a sense of fullness nnd weight in the left chest. The 
cough had not been productive nnd there was no blood spitting, wheezing, or pain in the chest. 

Physical examination showed a tliin, sallow-complexioncd man appearing older than the 
stated age. Distinct clubbing of the fingers was j»resent which, the patient said, had been 
called to his attention three year.** previously by members of the family. The loft lower chest 
showed slight limitation or niotion. There was dullness posteriorly from the seventh rib down¬ 
ward which was not changed by deep inspiration. The right lung was normal. Tho heart 
sounds were normal and the blood pressure was 130/80. The liver and spleen were not 
palpable. Details of tho rocntgcnograi)hic findings arc given in Figs. 1 and 2. 

The only abnormal laboratory finding was a coagulation time of cighten minutes. 
Vitamin K was given prior to surgery. Tho left lower chest was aspirated and no fluid was 
obtained. Tho needle encountered firm resistance. Among other intrathoracic lesions, a di 
aphragmatic tumor was considered. 

Loft posterior thoracotomy was performed on March 14, 1946, Through a curved in 
cision, tho eighth rib and a posterior segment of the seventh rib were removed. The plen 
cavity was opened exposing a large nodular tumor occupying the entire left lower pleura 
cavity. Tho tumor was firm and had a poorly developed capsule. Many large veins, alnios 
sinuses, coursed over the surface of tho tumor. These passed through numerous firm a 
hesions attached posteriorly to the parietal pleura and superiorly to the diaphragmatic sur 
face of the loft lower lobe. There was no adherence to the pericardium. The le owm 
lobe and lingula were atelectatic from pressure. The diaphragmatic surface of the lower o 
was separated from tho tumor by sharp dissection. This resulted in considerable 
leakage of air. Numerous suture ligatures were necessary to obliterato the arge 
sinuses nnd prevent a massive hemorrhage from tho surface of the tumor. -^^^gurface 

all adliesions the tumor was partially' delivered through the bicision and t o m eno 
inspected. Tho base was concave and arose from tho central tendinous por ion o 
phragm. Tho superficial layer of the tendinous portion was peeled away ivit i le 




SAMSON AND OHODRESS: NEUROWBROSAECOMA OP DIAPHBAQM 


903 

















yU4 TIIIZ JOURNAL'OF THORACIC SURGERY 

ing several sniull {lerforatioiis into tlic peritoneal cavity, Tlic dinplirngm was opened and 
its inferior surface inspected. Tlicrc was no evidence of neoplastic extension. The diaphragm 
was then closed in two layers with ijiterruptcd silk. The torn surface of the lung was repaired 
and the lower lohn hrought to full expan.sioii under positive pressure. The pleural cavity was 
not drained. During and iniiuediatcly following surgery n total of 2,000 c.c. of whole blood 
and 500 c.c. of plasma were given. The patient left the operating room in excellent condition. 
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Pis'. 3 (Case l),~PliotoniIcroRraph XI00. There if* cimrnclerlsllc ^Ith neurop* 

enous elements Intermixed with fibroblasts. There Is round cell InHItratlon snoning some 
flammator)’ change. 


mi 


/ ..-r ;'X^* 












ml 




mm 








m 

1:4 


Fie- “t (Case 11.—Photomicrograph XfiOO- The elonEntert and fuslform-shap^ 
numerous mitotic figures arc chnractcrl.stlc ot metaplasia mw 
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Postopemtivoly, tliero occurrctl a transient atelectasis of the left lon-or lobe. Sovoral 
aspirations of flnld from tlio pleural earity wore necessaiy. Tho patient was discharged 
home on tho twelfth postoperative day. 

Tlio tumor was roughly ovoid, measuring 20.6 by 36.0 by 10.0 cm. and weighing 1,755 
grams. The upper end a\iis slightly pointed and the lower surface was flat measuring 12.5 
by 10.0 cm. The tumor was firm and snrronndetl by n fibrous capsule nieasuring from 3 to 0 
mm. in thickness, except near the flattened surface whore the capsule broadened to a depth 
of 3 cm. In tljis portion of the capsule was an isolated nodule measuring 3 by 2 by 2 cm. 
which was slightly softer than tliO remainder of tho tumor mass. The cut surface ehowe<l 
Interlacing bands of white and pinkish-white tissue. One small cystic area was demonstrated. 
illcToscopio examination* showe<l a fibrous and neumi stronm ^ritIl scatteral areas of necrosis 
and degeneration. In some nreus, there was metaplasia of the fibrons elements Into true sar¬ 
coma. In these regions the colls were h} 7 »ercIironmtlc, spindle-shaped, and rawlomtoly pleo¬ 
morphic with fairly frequent niitotic figures (Pigs. 8 and 4). Tho small soft nodule de¬ 
scribed proviousy was compostnl abnost completely of this typo of cell. 



Fig. 5 (Ca»o 2).—RocntjfenoKrani. frontnl projection with Uplodol fllUnp. Tliere Is a 
Isrco density obscurlnff over one-holf of the right lung field. The upper border la rounded. On 
the original film no endobronchial obstruction was seen. AtelcotaslB of the right middle and 
right lower loboa was sugge^ed. (No other films were suitable for rcprotluoUon.) 

Tho patient convalesced slowly but progrcaaivoly from operation. Durhig tho nine sne- 
coeding months ho gained at least fifteen pounds. The dabbing of tho fingers gradually re¬ 
ceded, with return to normal in approximately six months. Almost from tho day of opera¬ 
tion ho completely and porraanontly lost all stiffness and pain in tho smaller joints. Four 
jTars foUmring surgery tho patient 'vns working steadily. lie hnd a morning cough productive 
of a slight amount of mncopurulcnt sputum. Thorough phj-sical and roentgenogmphic oiom- 
inations showed no evidence of recurronco of the tumor. 

Case 2.—E, L., a 50-year-old white housewife, was admitted to the San Joaquin Qcncml 
Hospital in September, 1D40, because of Increasing dyspnea over a period of sLx montlis. In 
llarch, 1040, had been placed on digitalis therapy. One month later she noted ankle 
edema, more pronounced in the afternoon. Paring tho montli prior to admission she lost 
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bilit/ On S«PteraborVn dnr"ch“nri.S^“pM^^^ iveatoe.., „a Mg,. 

.b.«.d». Thin pnln by dnep bgon.Uing. 

inspim.,0. .ng .< .U„ ;',gM „S,.™ Il.Td ,f ' " 

over tho lower one-lmlf posteriorly The nlwlnmnn x ^ dullness to percussion 
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ctails of the roentgen films are shown in Fig. 5. Fluoroscopic study indicated that tho 
mass moved sjmchrouously with tho right heraidiaphragm. Films followmg the induction of 
a pneumoperitoneum disclosed tho mass to bo supradiaphragmatic. Bronchograms showed no 
ovr ence of intrabronchial disease, although atelectasis of the right lower lobe was suggested. 

^ Three attempts at right thoracentesis failed to obtain any free fluid. Bronchoscopy 
disclosed a horizontal take-off of tho right-stem bronelius with an upward swerve of its distal 
portion. There was moderate narrowing of tho lumen throughout. 

It was felt that tho patient had an cxtrapulmonary mass originating in tho right lower 
hemithorax, and a diaphragmatic tumor was considered. E.\ploratory thoracotomy ivns ad¬ 
vised but tho patient died suddenly before surgical intervention ivas undertaken. No single 
cause of death was discovered, although tho patient's sudden death was not surprising in view 
of tho decreased pulmonary function, poor cardie reserve, and obesity. 

At autopsy there was complete atelectasis of the right lower lobe and partial collapse 
of tho middle and upper lobes. A tumor measuring 23 by 22 by 11.5 cm. and weighing ap¬ 
proximately 3,000 grams completely filled tho right lower hemithorax up to the level of the 
sixth rib posteriorly. "When viewed alone it appeared to bo a perfect mold of the space it 
occupied -ivith intermittent grooves for tho ribs. The inferior surface was concave and at- 
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tached hy n % cm. pcdlclo which pierced the hemldiaphragm through Its tendinoua portion 
and expanded into a tumor nodulo 2 era. in diniueter below (Fig. 6). The tumor wua entirely 
eitrapiouml tind citmperitoneai. The inferior mediaatinum wna puahed to the left and waa 
connected to the tumor by denae fibroua tiaauo whicli contained numerous large veins. There 
were no venous connections with the long. Tlie growth wns firm and on cut sections revealed 
Bcntterod areas of xanthochromia. 

The histologic picture* prcsentetl the samo cellular clemeuts ns found in Case 1 (Fig. 7). 



Ftg. 7 (Case 2).—Photonilcrorraph X500. The neurogenouj elements are evident- There 
Is extensive pleomorphlsm of the cells with some attempt at palisading. There Is obvioua 
malignant degeneratfon and mttotlc Ogurcs are numerous. 


COililENT 

Of particular interest was the effect of surgery on the joint symptoms 
and clubbing of the fingers in Case 1, Van Hazel” discussed joint manifesta¬ 
tions in a group of seven patients with intrathoracic tumors and cited two in 
whom the joint symptoms abruptly disappeared following operation. Klas- 
sen’s” patient showed no clubbing but suffered from arthralgia and joint- 
swelling in the hands and feet These symptoms disappeared following opera¬ 
tion. More recently,. Berg’* reported six additional cases in which dramatic 
improvement from arthralgia and clubbing of the digits followed removal 
of intrathoracic tumors. Of the nine cases thus collected, three were benign 
tumors of the mediastinum, one was a benign tumor of the diaphragm, one was 
a benign tumor of the lung, and four were primary carcinomas of the lung. 

It is recognized that the majority of patients with intrathoracic tumors 
do not manifest hypertrophic pulmonary osteoarthropathy. This discrepancy 
is dne to unknown or unrecognized factors. Van Hazel and others believe 
there is evidence that chronic anoxemia may be an important factor in the 
tlevolop ment of clubbing. He postulated that the anoxemia may be dne to 

•Dogcribed by Dr. Paul lUebaoL 
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neoplastic involvement of, or direct pressure on, hilar pulmonary vessels, par¬ 
ticularly the veins. A comparison of the findings in our two patients suggests, 
however, that neither the pressure hypothesis nor anoxemia per sc can fully 
explain the occuri-ence of .ioint manifestations. The fii-st patient showed no 
clinical signs of anoxemia, although the original complaints of arthralgia ante¬ 
dated the discovery of the tumor by nearly six years. The second patient was 
obviously anoxemic. She had orthojinea. 'J'he tumor ivas larger and extended 
higher in the hemithorax. There was more extemsive atelectasis and obviously 
greater pre.ssure on the pulmonary hilum, particularly the inferior pulmonary 
vein, yet joint symptoms failed to become manifest. It is not inconceivable 
that this tumor grew ra]ndly and that the patient died before sufficient time 
had elapsed for the development of arthralgia or clubbing. 

Another pos.sible factor beaidng on the development of joint manifestations 
eoneerns the blood circulation. While both tumors described previously were 
exceptionally vascular, there was one important difference in venous drainage. 
In Case 2 (without arthralgia) the venous return was mainly into the medi¬ 
astinum, thus the venous Idood of the tumor emjitied into that of the greater 
circulation. In Case 1 (with arthralgia) large venous sinusoids connected 
the tumor with the pulmonary circulation as well ns with the parietes. Thus, 
the main volume of reduced hemoglobin from the tumoi’ prolialily emptied into 
the oxygenated blood of the pulmonary venous circulation. This condition 
may well have had the same circulatory effect as an intimpulmonary arterio¬ 
venous fistula. Patients with the latter lesion also frequently exhibit clubbing 
of the digits. 

Fried^^ has expressed the ojiinion that hyiiertrojihie ])ulmonary osteo¬ 
arthropathy is not unlike acromegaly. He has observed the former condition 
in patients with bronchiogenic carcinoma; then demonstrated hyperplasia of 
the eosinophilic cells of the anterior hyiiophysis at necropsy. Fried thus sug¬ 
gests that the motivating disorder is dis]ntuitarism wdiich is provoked by dis¬ 
ease of the lungs. 

DISCUSSION 

Tumors of the diaphragm have now jirogresscd from an academic to a prac¬ 
tical category. They are uncommon but imjiortant from a therapeutic stand¬ 
point. In keeping with the contemporary medical dictum of “constant awaie 
ness,” we emphasize that at one stage malignant diaphragmatic tumors are 
amenable to surgical excision. They remain only to be diagnosed during tie 
docile interval. 

The signs and .s.nnptoms are govcnied by the size and location of the tumor 
on the diaphragmatic surface. As a rule, they do not appear imtil the lesion 
has attained considerable magnitude. Dyspnea, cough, and tlioiacic iscom 
fort may result from pressure atelectasis. Other symptoms less common y eii, 
countered have been gastrointestinal upsets, shoulder pain, e usions, an 
hemoptysis. The ivork load of the heart may be increased by a aige 
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cossivel}' TRscnlnr tnnior, in efTotl, the introduction of a new oircuintoiy sys¬ 
tem. In patients whoso cardiac reserve is otherwise limited (such as in Case 
2), this additional factor may well lend to cardiac decompensation and exitus. 

Roentgenograms and fluoroscopy will aid in localization and in study of 
the pathologic dynamics of the mass. If there is roentgen evidence of a tumor 
adjacent to eroded vertebrae, thought shoidd be given to intrnspiunl Pnnto- 
paque studies to rule out intrnthoracie meningocele.” An anomalous lobe of 
an otherwise normal liver” may roentgenographicnll.v mimic a diaphragmatic 
tumor. It may be irapo.ssiblc, however, to delineate between a supra- and 
infradiaphragmatic position without utilizing pneumoperitoneum. 

When a tumor occupies the supradiaphragmatic po.sition. it should bo 
identified as extra- or intrapnlmonary. Bronchoscopie exploration eliminates 
\Tsible endobronchial extensions of an inlrnpulmonniy tumor and affords op¬ 
portunity for the cytologic study of bronchial secretions. Bronchographic 
mapping may reveal distortion of the traclicobronehial tree due to c-xtrinsic 
pressure. If distortion is present and there is no endobronchial pathology, an 
extrapulmonary tntnor is strongly suggested. Pneumothorax may be insti¬ 
tuted but the roentgcnographic interpretation should be cautious. A tumor 
attached to an atelectatic pulmonary base may present a homogeneous shadow 
which makes the differentiation between intro- and extrapulmonary positions 
difficult. If the pneumothorax is adequate thoracoscopic inspeetiou may bo 
considered but, in general, both pneumothorax and thoracoscopy are discarded 
procedures in such a situation. 

In the final analysb, exploratory thoracotomy always should be under¬ 
taken both for diagnosis and for treatment unless the operative risk is pro¬ 
hibitive. 

SUMMARY 

1. Two cases of prunary ueui'oflbrosarcoina of the diaphragm are de¬ 
scribed. No other tumor of this particular cell type invohdng the diaphragm 
has been found in the literature. 

2. In both patients, diaphragmatic tumor was considered in the differen¬ 
tial diagnosis. The first patient has remained well for four years following 
surgical removal; the second patient died suddenly before exploration could 
bo carried out. 

3. Thirty-three additional examples of pi-imaiy tumor of the diaphragm 
have been collected from the literature. Of this total of thirty-five, seventeen 
were considered to bo benign and eighteen malignant. 

4. The relationship of arthralgia and clubbing of the digits to intra- 
thoracic tumors is discussed. 

5. Diagnostic approaches to diaphragmatic tumois arc enumerated. 
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THE C05IPLICATI0NS OF STELLATE AND THORACIC 
SYMPATHETIC NER\’H BLOCKS 
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New York, N. Y. 

STELLATE QANQLION BLOCK 

D enervation of the stollnte gongllon nnd the thoracic Bympathetic 
ganglia by block with local anesthetic drugs is a common practice in the 
dingno.sis nnd therapy of an increasing number of diseases nnd injnrics. It is 
ineritablc that some undesirable complications result from the widespread 
utiliration of the procedures. It Ls the purpose here to outline in some detail 
the nature of these complications nnd the factors responsible for their develop¬ 
ment. The need for a realistic appraisal of the potentialities for harm in 
completing stellate ganglion and thoracic sympathetic blocks is apparent on 
anatomic grounds alone. There is a constant proximity of important structnres 
which cannot be invaded by the exploring needle ivith impunity. 

Anatomy .—Tlio anatomy of the stellate ganglion must be reviewed briefly. 
A bilateral structure, it originates from the fusion of the first thoracic sympa¬ 
thetic ganglion and the inferior cervical ganglion to form a semUnnar mass 
approximately 2.5 cm. in length and 0.5 cm. wide in the majority of specimens. 
This general configuration is fairly constant although tho actual shapes of the 
ganglia vary widely. Posteriorly, the steUate ganglia lie on the lateral surface 
of the first thoracic and seventh cervical vertebrae between the head of the 
first rib and the vertebral nrterj' at its junction ivith the subclavian. The 
carotid sheath containing tho carotid artery, jugular vein, and vagus nerve lies 
anteriorly and slightly lateral. The phrenic nerve, lying in the scalenus anticus 
muscle is lateral and the bodies of the first thoracic and seventh cervical 
vertebrae are medial. Tho sympathetic chain and the ganglion lie on the deep 
fascia which covers tho anterior surface of tho longns capitus, longns coUi, and 
scalenus anticus muscles. 

The stoUate ganglion is filustrated in Pig. 1 to point out the mechanism of 
the most important and serious complications of nerve block in this region. 
Particular roforenco is made to the apex of the lung immediately lateral to the 
stellate ganglion nnd the exposed intervertebral foramina of tho cervical spine 
which offer an avenue to subarachnoid injection of local anesthetic drugs. 

The position of tlie apex of the lung makes it entirely feasible to induce 
pneumothorax if the advancing needle is somewhat off its course. It is inter¬ 
esting although possibly unnecessaiy to point out, that induction of a pneumo¬ 
thorax by allowing air to leak in between tho layers of pleura from the external 
environment is not very easy to accomplish in tho scarred apical position of the 
adult lung. It appears more likely that tho pneumothorax is the consequence of 
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pulmonary perfornlion witli an air leak from the lung to the pleura. The 
belated awareness of symptoms and the occasional in.stance of tension pneumo¬ 
thorax support this concept. Another point of practical importance is the 
actual height of the apex of the lung. Ordinarily, the apex of the lung is con¬ 
sidered to be level with the fir.st rib iiosteriorly or 4 cm. above the 010:4016 
anteriorly. Simple observation and some thought will indicate that these guides 
are approximations at best. The apex of the lung is mobile when it is not 
adherent to the chest wall and moves down with inspiration, a point of some 
importance if the phase of respiration is to be employed as assistance in 
minimizing the danger of pneumothorax. The apex of the lung also varies in 
position with disease and body habitus. These are anatomic factors which 
should be remembered in iierforming stellate ganglion block. 

The mechanism of subarachnoid anestlicsia as a complication of stellate 
block is more easily understood. The dura may be perforated in an inter¬ 
vertebral foramen or in ai’cas where its extension perijiherally about a somatic 
nerve makes it pceuliarily liable to injuiy and perforation. 

The pi’esence of other structures shown in the diagi’am sugge.sts further 
possible complications. ITowcvcr, none of these, except for intravascular 
injections, has proved imjmrtant or serious in executing stellate block. 


Techniques .—TJic tof.Iiniquc.s of sfcllate block, n.*) Ocseribed 3n the litcratuTO, are varied 
and large in number. 

The classic technique is that introduced in thi.s country by Labat ns modified by 
Wiite.: Tlii.s has since been largely replaced by many antcrolntoral, lateral, or anterior 
npproaclies making use of Clm.ssniguac’s tubercle or the cricoid cartilage ns landmarks. 

In the anferolateml approach used by Tolpitto and Ristcen! a wheal is raised 2 m. 
inferior to Chassaignac’s tubercle and I cm. above the midclawcular point. An 8 cm. nee e 
is introduced downward and medially at a 45® angle with the sagittal piano of the body to 
encounter the transvcr-^c process of the seventh ccn'ical vertebra or tlie first rib at a opt 
of 5 to 0 cm. The needle is withdrawn and the angle changed to 80 to 90 . ^ It is t icn 
advanced to 0 to 8 cm. where it should encounter the body of the first thoracic ver e ra. 
This approach has been varied by individuals with a radius of 3 to 4 cm. for the skin w icn. 
Still otlier variations involve encountering Clmssaignac’s tubercle first and then re ircc mg 
the needle toward the seventh cervical vertebral body. 

Murphey3 described another “anterior approach” with a puncture site at the 
edge of the scalenus nnticus muscle at the level of the cricoid cartilage. A spina n 
is directed with the point posteriorly at an angle of 5 to 15° with the horizon a 
needle, passing belund the carotid sheath and superior to the apex of the ung, m 
on the stellate ganglion or the body of the seventh cervical vertebra. h 1 is 

Pitspatrick and Higdon< described the simple technique in which the 
made over Chassaignac’s tubercle. The needle is inserted directly toward tie 
is then redirected slightly anteriorly and bifcriorly to the body of the seven i 


vertebra. . . 

Oclisner and DeBnkeys prefer a modification of Leriche's jnoarfed 

wheal 1 cm. medial to the upper border of the midpoint of the clavicle, a ” ^ 

at a 45° angle C to 7 cm. between the vertebral and carotid arteries, 
described an approach lateral to the vertebral artories.o 

Findley and Patzerz described an anterior or paratrachwl approacla le s in 
made two fingerbreadths above the sternoclavicular junction just ni in o i 
Tten: The needle is inserted straight down to the transverse process of the sevent 
cervical vertebra and then after withdrawing 2 mm. the injection is ma e. 
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The apparently endless varieties of mctliods wliich have been reported 
for completing stellate ganglion block have been succossful in ])roducing 
sympathetic paralysis. The imiiortant aspect of selecting a teclmique, in \dew 
of the ease in obtaining elTectivc blockade, is the method which is least encum¬ 
bered by untoward sequelae. JIauy of the excellent reports available are con¬ 
cerned exclusively with therapeutic effect or deal with such small numbers that 
no reasonable delineation of the complications is possible. 



1.—DlAfiranimfitlc representation of Im^rtimt structure* associated with stellate ganglion 


To ascertaui the influence of technique upon the incidence and the nature 
of complications, an unselected series of 18G consecutive stellate ganglion blocks 
rvas studied (Table I). Blocks were performed by rdsiting and resident staff 
in a hospital caring for indigent patients only'. The major complications with 
reference to the influence of technique are summarised in Table II. Although 
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Table I 


DISEASE 

NUMBER OP 
BLOCKS 

NUMBER OP 
PATIENTS 

CLINICAL RESULTS 

GOOD 1 fair I POOR 

1. Peripheral vascular disease 

54 

27 

10 

1 

10 

2. Asthma 

09 

41 

25 

7 

9 

3. Postmastectomv edema 

4 

2 

1 

1 

n 

4. Causalgic states 

33 

10 

8 

3 

5 

5. Angina 

5 

4 

0 

3 

1 

0. Cerebral accidents 

10 

10 

1 

4 

5 

7. Phantom pain 

2 

2 

0 

1 

1 

8. Carcinoma, tongue 

2 

1 

0 

1 

0 

9. Herpes zoster 

1 

1 

1 

0 

0 

10. Volkmann’s contracture 

3 

1 

1 

0 

0 

11. Retinal artery thrombosis 

1 

1 

0 

1 

0 

12. Hyperhidrosis 

2 

1 

1 

0 

0 

Total 

180 

107 

54 

22 

31 


Table n. Complication's of Stell.\te Block 


TECHNIQUE 

NUMBER 

OF 

PATIENT.S 

NUMBER ! 

OF 1 

BLOCK-S 1 

SPI.NAL TAP j 
(NO 

<\NESTHESIA)| 

SPINAL 

ANESTHESIA 

1 PNW.UMO- 
THOrJAN 

ACUTE 

ASTHMA 

TOTAL 

INCIDENCE 
(PER CENT) 

Posterior 

8 

8 

0 

1 

1 

0 

25 

Anterolateral 

SO 

151 

2 

.3 

3 

1 

0 

Anterior 

13 

27 

0 

0 

0 

0 



the total numbers in each group are not strictly comparable, the paratracheal 
approach appeal's to lie safest from the standpoint of serious complications. 

Summary of Stcllaic Ganglion Blocks .—In the series studied, 186 stellate 
blocks vrere perfomed on 107 patients for the conditions and Yrith prognostic, 
diagnostic, or tlierapeutic results as shoAm in Table I. Patients received from 
1 to 5 blocks each, depending upon the clinical results obtained. Fourteen pa¬ 
tients received bilateral blocks simultaneously and 16 patients received a block 
on tlie opposite side at an inteiTal of at least tiventy-four hours after the first 
block. The various techniques employed and their complications are shoum in 
Table II. A transient aphonia or dysphonia noted in 3 of 27 blocks by the 
paratracheal approach is not included as a major complication. Alcohol was 
utilized in 37 of the 107 patients. Only 4 injections Avere judged unsuccessful, 
a Mali therapeutic efficiency regardless of technique. 

The complications aauII be described in detail. 


Complications 

Case 1. —The patient was a hypertensive 40-year-old woman who suffered repeated 
attackfl of status asthmaticus uncontrolled by the usual medications. Five cubic centimeters 
of procaine wore injected into both stellate ganglia using the anterolateral approach withon 
incident. One month later, the same procedure was repeated ndth the same teclmique. 
Unfortunately, accidental subarachnoid injection resulted following which she was in pro 
found shock for thirty minutes. Therapy with oxygon and vasopressors was succesrfu • 
Four montlis after the accidental spinal anesthesia, an alcohol block of the right ste a e 
ganglion was completed with no untoward effect. 

Diagnosis .—Accidental spinal anesthesia. 

2_The patient was a 34-ycar-old man whose therapy for traumatic cau^gia 

nf the unnor extremity was a series of stellate ganglion blocks. During the fourth bh^, 
by the anterolateral technique, he complained of dj'spnea, vertigo, and then rapi y 
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conaclousneitf. He ^oi given artificial rcsplmtion with oxygen for twenty minutes. Blood 
pressure, whlcli wna 80/60, wtis supported by epbcdrlno sulfate intmvonously. It was inter¬ 
esting that during the time of respiratory parnlynifl the patient could thrust Ms leg* about. 
After apparent recovery, the pntient wna oDotved to go home that evening. He returned 
the next day because of headache. This was followed in a few days by pneumonia which 
cleared with antibiotic therapy. 

Dxagiums .—Accidental spinal anesthesia. 

Case 3.—A SO-ycar-old woman with phantom pain, follon-ing amputation of the right 
upper extremity’, had a stellate block by the posterior approach with 8 c,c. of 2 per cent 
procaine. At the end of the injection, there was frank respiratory difficulty. Sensory 
anesthesia was noted to the fifth cervical spinal cord level on the right and the flftli thoracic 
spinal eord level on the left. Motor paralyBis was present in the right lower and the left upper 
extremities. The blood pressure \rtui 80/50. Slie was treated ^vith ephedrine and oxygen. 
Recovery ^vas Intnct except for severe headache. Tl>e phantom pain was relieved and a 
Homer's syndrome persisted. 

Diagnoaii .—Accidental spinal anesthesin. 

Case 4.—-A 30-year-old woman with old rlicnmatic heart disease and auricular fibrillation 
had emlxjlixation to the left brachial artery resulting In pnin, reduced skin temperature, 
and palsy of the left liand and forearm. A left stellate block by the anterolateral approach 
was perfomied using 18 e.e. of 1.0 per cent procaine. Five minutes after the injection, the 
patient suddenly became agitated and apprehensive. Respimtions gmdnally censed in 
another minute. Unccmselousnesa ensued, the limbs became flaccid, the pupils were widely 
dilated. Artificial respiration witli a Kreiselnmn bellows re#uscltator« was immediately 
Instituted. Color remained good. The blood prewnre, five minutes after artificial respiration 
was begun, was 75/50 with a pulse of 00 per minute. Twenty-five minutes after the block, 
the patient was pot in a Drinker respirator and nasotracheal intubation was performed. Ten 
minutes later the patient was able to move head and eyes but spontaneouu respiration was 
Inadequate for proper ventilation. Two hours and twenty-five minutes after the block, the 
patient was conscious and moderately alert. At this time she did not react on the endo¬ 
tracheal tube but indicated that it annoyed her. Tlie respirator was stopped and spontaneous 
respimtions were resumed. The endotracheal tube •was removed. After the patient was 
taken from the respirator, she complained of pain in the left arm. Flexion of tlie fingers, 
previously impossible, was executed with little difficulty. Tlie surface temperature of the 
aflfected hand ^vas unimproved for tlie next twenty-four liours, at which time it gradually 
increased. Forty-eight liours after tlie block the temperature of the baud was normal and 
the brachial artery could l>e palpated nt its distal third. Eight days later the radial poise 
was first noted. Recovery- was nneventfuL 

DiagnoHi .—Accidental spinal aneetliesia. 

Cabe 5.—A 36-year-old woman with intractable asthma had a right stellate block by 
the anterolateral approach with 4 c,c. of 1.5 per cent procaine. After tlie injection, readjust¬ 
ment of the needle was attempted and a spinal tap was done. Except for headache, recovery 
was imcventful. 

Diagnosis .—Accidental spinal puncture. 

Case 6.—A 51-ycnr-old man with asthma had a right stellate block by the anterolateral 
approach. Insertion of the needle yielded spinal fluid. Tho needle was withdrawn 0J5 cm. 
and blood aspirated. Tho needle was then withdrawn another 0.5 cm. and 4 c.c. of 2 per 
cent procaine injected. The patient returned in n week for a left stellate block with alcohol. 
Tlie patient’s condition was Improved. 

Diagnotis .—Accidental spinal puncture. 

Case 7.—A 40-yenr-old man with astlima had an acute asthmatic episode immediately 
following the injection of the stellate ganglion with 6 c.c. of 3.5 per cent procaino followed 
by 2 C.C. of absolute alcohol This was treated unsuccessfully with epinephrine. Aminophyl- 
llu intravenously terminated tho attack. 

Diagnoxii .—Acute astlinm. 
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Case S.—A riglit stellate ganglion block was attempted on a 31-year-oia asthmatic man 
by the anterolateral approach. No confirmatory signs of sympathetic paralysis were noted. 
Badlograplilc chest studies revealed an asjmiptomatlc complete pneumothorax the next day! 
Recovery and expansion of the lung were uneventful. 

Diaijnosis .—Traumatic pncumotliorax. 

Ca.se 0. A right stellate ganglion block by the posterior approach with 15 c.c. of 1.5 
per cent procaine was completed upon an elderly woman with chronic asthma. The patient 
became verj- pale and experienced difficulty in breathing, resembling an asthmatic attack, 
almost immediately. No Horner’s sj-ndromc was pre.sented. X-ray examination revealed 
a 50 per cent collapse of the right lung. 

Diagnosis .—Traumatic pneumothorax. 

Case 10.—A middle-aged woman with status asthmaticus for two weeks was treated 
with a right stellate ganglion block by the anterolateral approach with 15 c.c. of 1.5 per cent 
procaine. Evidence of Homer’s avTidronie developed in five minutes. Ten minutes later 
increasing dyspnea and cyanosis were noted. Thoracentc.'iis yielded over 1,000 c.c. of air. 

Diagnofsift .—Traumatic pneumothorax. 

Case 11.—A 26-yenr-old woman with broncliiectasis of the right middle, right lower, and 
left lower lobes was hospitalir.ed because of increasing dyspnea, A right pneumonectomy 
was performed when bronchospirometry showed almost no ventilation in the right lung. 
Three months later a left stellate block u.sing an anterolateral approach was performed 
because of chronic intractable asthma. A Homer’s s.vndromc developed almost immediately 
without relief of the asthma. Four hours later the patient became acutely dyspneic and 
suffered circulatory collapse. The diagnosis of tension pneumothorax was confirmed at once 
and air withdrawn from the left pleural apace. The expansion of the lung was maintained 
by continuous suction for four days. Recovery from the pneumothorax was satisfactory. 
The asthma was not controlled. 

Diaguonis .—Traumatic pneumothorax. 


THORACIC SYMPATHETIC BROCKS 

Anatomy .—The .stoiipathetic trunk enters the thorax in front of the neck 
of the fii’st rib, medial to the superior intercostal artery and the first thoracic 
nerv'e and posterior to the ape.x of the pleura. It descends anteriorly to the 
neck of the second rib, heads of the next three ribs, on the ligament radiatum 
for the next three, and finally on the sides of the loiver thoracic vertebrae. 
Thus, the trunk gradually progresses downward, medially and anteriorly. It 
lies behind the pleura in its entire course. 

Usually thei’e are twelve sympathetic paired ganglia but their number mai 
be reduced by the fusion of one or more ganglia. They send gray rami pos¬ 
teriorly and laterally to the intercostal nerves and receive white rami. 

The cervical sympathetic trunk sends fibei-s to supply the structm-es of 
the head and neck. The stellate ganglion and the first through the foui'th thoracic 
ganglia are accepted as the .supply to the arm; the heart and aorta are in- 
nei^’ated by the fii-st through the fifth thoracic ganglia. The greater splanchnic 
nerves arise from the fifth to ninth thoracic ganglia to supply the aorta and 
esophagus and send fibei-s to the stomach, gall bladder, liver, and pancreas. 
Tbp lesser splanchnic nerves from the tenth and eleventh thoracic gang la 
supply the celiac ganglion and the least splanchnic from the twelfth thoracic 

ganglia goes to the renal plexus. 
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Techniques .— 

Tte variationn in technique* in thomcic ajinimthetic block arc few when compared to 
thoee de*cribed for the stellate pangllon. Practically all are modlflcatlons of one of the 
technique* described by Labnt® differing only slightly in angle and depth of the insertion 
of the needle. 

Laifot technique: The patiflnt Ue* on the opposite side to the one to be injected in the 
posture commonly described for the induction of spinal anesthesia. The twelfth thoracic 
rertebra and the spinous process of the seventh cervical vertebra ore used as landmarks. 
^Vhcala are raised opposite the appropriate spinous process 4 to 5 cm. from the midline. 
An 8 cm. needle is directed at a 25* angle with the saggital plane passing between the ribs 
and transverse processes nntil it impinge* on the body of the vertebrae just in front of the 
intervertebral foramen. Three to 5 c.c. of procaine or 3 c.c. of alcohol can be used for 
anesthesia. 

Whiteio used 10 cm. needle* and Inserted them tmtil the rib or transverse process was 
contacted at n depth of 2 to fl cm. A robber marker was then placed 3 to 4 cm, from the 
skin, the needle withdrawn to snl>cutaneoas level, and reinserted at on angle of 30 to 26* 
to the medial aagittal plane and perpendlmlar to the curvature of the back in relation to 
the long BT»K of the thorax. Contact was mode at the marker and injection was completed 
with 2 C.C, of 1 per cent procaine followed la live to ten minntes by 5 c-c. of absolute olcohoL 

8eldtm,ii in performing the technique of Labat, preferred pcntotlial or other general 
anesthesia prior to the injection of nbsolnte alcohol rather than risk dilution of the alcohol 
with procaine. 

The group of patients reported here were blocked by a mo<Ufied L.abat tedmiqne. The 
patieuti are placed in a prone position with their arms hanging over the sides of the table. 
A pillow is tlien placed under the anterior surface of the body to exaggerate the curvature 
of the spine. Skin, wheals are raised 4 to 6 cm. from the midllne opposite the appropriate 
spinous process and 10 cm., S4*gauge, short beveled, stiletted needles are then inserted 
toward the midllne at an angle of 20 to 30* with the sagittal plane at right angles with 
the vertical axis. If the rib or transverse process is not encountered, then the needle should 
Impinge on vertebral body at a depth of about 8 cm. If the rib or transverse procees is 
encountered, then the needle is withdrawn to imbcntaneou* deptli and reintroduced cephalad 
at an angle of approximately 30*. The needles are so directed that they xvlll be placed on 
the lateral part of the vertebral lH>dy. After nil the needles ore placed, the stDets are 
withdrawn and a drop of procaine placed on each Imb. Aspiration Into the needle indicates 
that the needle la within the pleural space and readjustnient is necessary. If spinal fluid or 
blood emergee, misplacement of the needle is obvious. The syringe is attached after all 
tests are negative and 3 to 4 c-c, of 1.6 per cent procaine are injected. Paresthesia* and/or 
anesthesia are not looked for; signs of sympathetic pamlysis ore used os the indication of 
correct placement of the needles. After ten minntes, 3 to 4 c-c. of nl>*olute alcohol are 
injected through each needle. Patients are usually well sedated with an opiate end a 
barbiturate and general anesthesia is not required. Tho patient remains in the hospital only 
long enough to recover from the sedation and until evidence of stability of the cardio¬ 
vascular sjTitem is established. 

Combined cerricothoracic blocks are acconipllshed in two fashions. The first is a combi¬ 
nation of a posterior stellate ganglion block with appropriate thoracic segmental block. 
The first skin wheal is placed opposite the spinous process of the seventh cervical vertebra 
and the needle inserted so as to Impinge on tho body of the seventh cervical or first thoracic 
vertebrae. This technique Is useful for those conditions in which alcohol Is to be used for 
stellate and thoracic sympathetie blockade. The second tecltniqne, fashioned after Pereira,n 
depend* upon the gravity diffusion of procaine caudad with the patient in the semireenmbent 
poiitlon. Here a stellate block is performed by n paratroclieal or anterolateral approach 
and if, after a small test dose, a Horner's syndrome is produced, then 20 c.c. of IJJ per cent 
procaine are Injected. Warming of the hand and arm indicates paralysla to tho flirat and 
second and sometimes third thoracic vertebrae, as well as stellate paralysis. This Is a useful 
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technique, because of its relative simplicity and case of performance, to use for therapy 
or diagnostic or prognostic block ulierc the hand is involved. It lias not been used with 
alcohol. 

PARAYERTEBRAL THORACIC SYAIPATHETIC BLOCK 

Results. —Forty-two thoracic synipaliieiic ganglia bloclis were perfomed 
on 36 patients for the conditions sliowni in Table III. Alcohol was used in 29 
of the 36 cases (80 per cent). In 8 (27 per cent) cases of the 29 an alcohol 
neuritis developed. One patient developed a hleh of the skin following therapy 
to be described later. Complications occurred in 25 per cent of the patients 
treated. All blocks were sueecssfully performed as judged by s^mipatlietic 
paralysis with the exception of one patient who would not tolerate completion. 
This is listed as a poor rasult in Table III. Clinical cure did not parallel 
adequate denervation. 


Tabi.e nr. TiroKAcic SysiPATUETic Blocks 


PISEASES 

NUT.\fBEK OF j 

blocks j 

I KtTMBER OF 

1 PAT/EKT.S 

noon ( 

r.Esm.Ts 

FAIR 1 

' POOR 

Angina 

28 

24 

16 

n 

O 

5 

iVnourysm (chest pain) 

S 

7 

0 

0 

1 

Dyspnea and hypertension 

3 

1 

0 

0 

3 

Herpes Zoster 

1 

1 

1 

0 

0 

Thrombophlebitis (arm) 

1 

3 

] 

0 

0 

Po.stmnstcctomv pain 

2 

1 

1 

0 

(1 

Undiagnosed chest pain 

1 

1 

1 

0 

0 

Total 

42 

.80 

20 

3 

7 


There were many occasions when a combination of stellate ganglia and 
thoracic sjunpathotic block was indicated. The cx])ericnce of the combined pro¬ 
cedure is summarized briefly in Table IV. 


THORACOCERVICAL STHPATHETIC BLOCKS 

Results .—One hundred thirty thoracocervical sympathetic blocks were per¬ 
formed on 7.6 patients witli the results sliovm in Table IV. Seventeen of the 
patients had complications which are listed in Table V. Alcohol was used in 
50 patients, 4 of whom (8 per cent) develo])cd anno.nng alcoliol neuritis. One 
asthma patient died seven horns after the block but she was moribund when 
the block was performed. It was felt by all obseiwers tliat the attempted 
therapy did not hasten the cxitus. One other patient died with a pneinnothoiax. 

The complications will he described in detail. 


Complications 

Case 32.—A 51-year-old man witli anginal eyrndrome underwent a prognostic block of 
tlio Bympathetic ganglia of the first through the fifth thoracic ganglia with 1.5 per cen 
procaine 5 c.c. each. Upon e.xcrciso no angiunl pain was elicited. Three ajs ® 
patient had the second through the fifth thoracic ganglia blocked with ^ 

bv alcohol (4 c.c. each). Pain relief was c.vccllcnt but the patient re ume 
with alcohol neuritis of the segments blocked. Palliative treatment was a us 

stituted with good results. 

Diagnosis. —Alcohol neuritis. 
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Tadle IV. CEicvicoTuofiAcic SYMTATutmc Blooka (Coubined) 


DISEASES 1 

mniBEn or 

BLOCKR 

1 jnniBEn of 

1 PATIENTS 

1 BESULTS 

' GOOD 1 PAIR 1 POOR 

Angina 

Asthma 

AxUlorr artery spasm 
Thrombophlebitis 

Bnerger's dlseoao 

Baynand’s disease 

Frostbito 

Bronchlogenlo carcinoma with 
metastasis 

Causalgia 

Phantom pain 

Hyperhidrosls 

Scleroderma 

Volkmann’s contracture 

62 

32 

1 

3 

1 

8 

5 

4 

11 

5 

3 

3 

24 

27 

1 

2 

1 

5 

o 

£ 

0 

2 

1 

1 

1 

14 8 2 

8 7 12 

10 0 

2 0 0 

ion 

4 0 1 

10 1 

110 

0 5 1 

0 2 0 

10 0 

ion 

0 0 1 

Total 

180 

75 

34 28 1 8 

Table V. CoxrrrjOATToxE (CojfBrMED CEnncorironAinr SrjrpATTiEnc Biajck:) 

Alcohol neuritis 

4 



Anesthesia, loft ulnar, T, and T, 1 



Asthmatic attack 

.3 



Pneumothorax 

4 (1 death) 


Cord penetration 

1 



Hemopneumothorax 

1 



Aphonia 

1 



Untoward drug reaction 

o 



Total 

17 (23 per cent of patients; 13 per cent of blocks) 


DisciU4hn .—In tlio 12 (15 per cent) e&ses of neuritis encountered of 79 esses in 
which alcohol was used, the onset ranged from one to twenty-tliree drib's with practically all 
in the six* to eight-day period. The neuritis lusted about one to two weeks in the majority 
of coses. Treatment varied, depending upon the severity of the symptoms, from mild 
analgesics to repeated procaine blocks of the sensory nerves. Usually only one or two blocks 
were necesaaiy to keep the patient comfortable. 

Alcoholic neuritis Is the most common complication mentioned In this form of therapy. 
Varioos figures are found in the literature ranging from 0 to DO per cent for the incidence 
of neuritis, but IVlilte and Smltliwicki* found that troublesome intercostal neuritis will bo 
found in about 10 per cent of the patients. The incidence will bo reduced if the needles 
are placed accurately on the lateral surface of the Inxly of tlie vertebra anterior to the 
somatic nerves. If sympathetic paralysis without sensory jKimlypis follows the injection 
of 1 to 2 c,c, of procaine, then it is probable that neuritis will not follow the injection of 
3 to 4 c,c. of alcohol. 

Oabe 13.—A 52-year-old man \vith o five-year history of severe bronchial asthma was 
being treated with a combined posterior steUato ganglion and second and third thoracic 
ganglia sympathetic block with, procaine. The patient suddenly became dyipoelc, apprelicn- 
sive, and slightly cyanotic. There were signs and sjTnptoms of traumatic pneumothorax 
present. He was treatetl with oxygeu and positive pressure and the plcuml space aspirated. 
He was removed to the u-ard where water-seal drainage was instituted and tlie patient placed 
m an oxygen tent. Forty-eight hours later tlie needle was removed from the chest. Follow¬ 
ing one more aspiration, the patient made an uneventful recovery. 

Diagnatit ,—Traumatic pneumothorax. 

Case 14.—-A 35-j“enr-old woman with severe brondiial iisthnia was admitted for thoracic 
sympathectomy. An “omorgency block" was requested and tlio rlglit stellate and the 
second and third thoracic sympnthctics were blocked with procaine. Tlio patient continued 
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to breathe with severe embarmssnient. After three to five minutes, she complained of 
auditory and visual disturbances. The pulse became slow at this point. She had a moderate 
convulsive attack and shortly thereafter respiratory efforts ceased. No pulse or heartbeat 
was felt. Endotracheal intubation and artificial respiration with oxj-gen had already been 
started. Epinephrine was injected directly into the heart and air was aspirated from the 
chest, but the patient did not recover. A post-mortem chest film showed a right pneumothorax. 

Diagnosis .—Traumatic pneumothorax. 

Discussion .—Pneumothorax is the most common of the major complications following 
thoracic sympathetic block. In 4 cases of 1.30 thoracic blocks, 3 ended fatally before 
therapy could be instituted. The pertinent anatomy of the thorax makes this a real danger. 
Surprisingly few instances of pneumothorax are reported in the literature but the possibility 
should always be considered. 

Case 15.—A 27-year-old man who.se upper extremity was encased in plaster for forty 
hours as therapy for a fractured radius and ulna developed a Volkmann’s contracture. A 
left stellate block was performed at once. The block was repeated two days later. Four days 
later it was felt that ccr«cothoracic sympathetic block would be more effective. The 
sympathetics of the first, second, and third thoracic ganglia were injected with 1.5 per cent 
procaine. The patient complained of pain in the chest immediately following the block but 
examination failed to show any pneumothorax. However, the next day dyspnea and tachy¬ 
cardia were evident. An x-ray examination showed a fluid level to the eighth thoracic vertebra 
and complete collapse of the left lung. Aspiration of the chest yielded 1,500 c.c. of blood. 
Some air was allowed to remain in the chest and a transfusion of 500 c.c. whole blood was 
given. After a stormy course, the patient rccoveretl but the left upper lobe remained 
collapsed until a decortication was done. 

Diagnosis ,—Traumatic hemopneumothorux. 

Discussion .—This is an unusual course of events not previously reported. It was 
believed that in the collapse of the lung small veins at the apex between the visceral and 
parietal pleura were torn resulting in hemorrhage. 

Case 1C.—A 55-year-old man with a four-year history of bronchial asthma had a block 
of the right stellate ganglion and the sympathetics of the second and third thoracic ganglia 
with procaine and absolute alcohol. A Homer’s syndrome developed immediately following 
the block but was absent eighteen hours later. Tlie patient was not relieved of the asthma. 
One month later the patient returned for a left stellate block which was done with procaine, 
1.5 per cent. No alcohol was injected because the block immediately precipitated a severe 
attack of asthma lasting fifteen minutes. Since the patient was practically free of attacks 
with adrenalin in oil, no further therapy was attempted. 

Diagnosis .—Acute asthma. 

Discussion .—The three asthmatic attacks precipitated by this form of therapy make 
it obligatory to perform all blocks with procaine before permanent sympatholysis is^ attempte 
with alcohol or surgery. The mechanism, rationale, and results of sympatholysis in patients 
with asthma has been reviewed b.v Miscall and Rovonstinc.i'* 

Case 17.—A 43-year-old woman with syphilitic aortic aneurysm and the^ anginid 
syndrome first came to the clinic in November, 1939. She had a left stellate ganglion b oc 
with 5 c.c. of 1.5 per cent procaine and 1 c.c. of absolute alcohol. Attacks were less frequen 
and less severe. Two weeks later the procedure was repeated and six days later the^ secon 
to the fifth thoracic sympathetic ganglia on the left side were blocked with procaine w 
absolute alcohol. The pain was relieved and the patient returned to the clinic in 
1940 (one year later) for a repetition of the procedure. Ten months later, in June, j 
she was blocked successfully again. In May, 1942, the patient returned with 
and the left stellate and upper tlioracic sjunpathetic ganglia were blocked ^ ^ 

alcohol. Five days later the patient was free of pain but exhibited anesthesia o le 

nerve and the first and second thoracic segments. 
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Ditcussion .—Tills case presents many intorostlng points. Anesthesia of a segment about 
the nipple Is more frequent than Is reported since many patients and physicians do not 
consider “tlie frozen area" important. The Hnesthceia carries little consequence if It does 
not involve the upper limb. It probably arises from the destruction of the sensory fibers 
by the alcohol and is related to the nenritls wlilcli occurs with incomplete destruction. 

The regeneration of nerve fibers Is well illustmtetl licre. It is difllcnlt to promise a 
patient more than sir months to one j'ear relief slnco sympathetic fibers can regcnemto,i3 

Case 18.—A 32-ycar-old man who developed hyperhidrosis totalis six months following 
a sknll fracture ivas treated with right stellate ganglion block os a preliminarj' procedure. 
Two days later^ while n left stellate ganglion block wns being attempted, the dura ^va8 
pierced and 8e\*ere pain ensued. Anesthesia was noted on tho loft down to the umbilicus 
thongh no procaine wns injecte<l. The next day no resldaal anesthesia was noted and the 
patient went on to have the right stellate and second and third thoracic gnnglln Injected with 
procaine and alcohol, 

DiagnotU .—Spinal cord penetration, 

DisewArios.—No serious consequences ensued from this case, but Moliteh and 'Wilsonio 
reported n vivid description of Brovm-&5quard paralysis following therapy for angina pectoris. 

Case 19.—A GO-year-old man with angina pectoris had a block of the second to the 
fifth thoracic ganglia with procaiae and absolote alcohol which gave relief of substernnl but 
not precordial pain. He returned in two weeks with a history of a blister of three days' 
duration. This was located on the left side of the back about 0 cm. from tho midltne and 
over the fifth to tlie ninth ribs. There was hypoalgesla of the second to the ninth thoracic 
ganglia. Aspiration revealed a dear amber fluid. 

Diagnotii. —Skin bleb. 

DUcwion .—‘Whether this is related to the block, skin preparation, or hypoalgesia 
cannot be safd. Nothing like it has been reported (o onr knowledge. 

Cxat 20.—A 64-year*old man with angina pectoris liaving a diagnostic left stellate 
ganglion block developed serero bradycardia and c^'anosls following the skin wheal and 
the introduction of the needle while in a sitting position. Tills deared upon being placed 
in the prone position. 

Diagnosis .—Drug reaction, 

Cabi 21.—A 44*year-o]d man ^rith astlinm bad jerky coavnWve movements with 
cyanosis following attempted procaine injection of the first, second, and third thoracic 
ganglia. 

Diagnosis ,—Drug reaction. 

Disoutsion .—'Whether these arc true allergic reactions mther than psychosomatic affairs 
is dlflicult to say. Procaine reactions liovo been adequately described, but both these patients 
had subsequent uneventful thoracic sympathetic blocks with procaine and alcohoL 

Comment .—Several striking features have become evident ns a result of 
this survey of stellate ganglion and upper thoracic sjTnpathetic blocks. Regard¬ 
less of the technique utilized, successful denervation with procaine is easilj' 
attained. The therapeutic results in so far as patient care is concerned depend 
more upon intelligent choice of stellate or thoracic sympathetic block and less 
upon the technical skill of the anesthetist. This statement is obviously not 
pertinent in those instances where diagnosis or prognosis was the goal. In 
general, it appeared that blocks performed posteriorly or from tho lateral 
aspect carried n higher potentiality of risk than those performed anteriorly. 
The major complications are pneumothorajc and spinal anesthesia, although 
others have been observed. These are most important since they are most com¬ 
mon and potentially fatal. 
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SUMMARY 

1. The experience gained in 358 nerve blocks of the stellate and upper 
thoracic sympathetic ganglia upon 218 patients is presented. 

2. Successful denervation is easily accomplished but at a risk of significant 
undesirable sequelae (5.9 per cent of the number of blocks). 

3. Brief descriptions of 21 ea.ses ai-e employed to document the nature of 
the complications. 

4. Traumatic pneumothorax, accidental spinal anesthesia, and alcohol 
neuritis are the most common untoward events. 

5. The incidence of these complications is higher in posterior or lateral 
approaches to the sympathetic chain. The safe.st method for the cervical 
sympathetic is a paratracheal technique when possible. 

6. Stellate ganglion and thoracic sympathetic block should be employed 
without hesitancy when properly indicated. However, since the procedures 
are not without considerable danger, adequate precautions must be obseiwed to 
minimize the development of the complications noted in this study. 
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CmATKD EPITHELIAL CYST OF THE ESOPHAGUS 
Report of a Casf. 

Emerson Y. Gi,erhii,i., M.D., F.A.C.S., and Andrew G. Morrow, JI.D. 
Baltimore, Md. 

C ILIATED epitliclial cysts of the niedinstiiium have been reported with in¬ 
creasing frcfincncy within recent years and several reviews liave described 
tlieir clinical and pathologic features.’- '• ‘ The occiu-rcnec of tliese lesions 

in the esophageal wall, however, is lelativcly uncommon. The cysts are con- 



Flff. 1.—Preoperatlve film of CBOphaguB with berluiru A nia*a arls^fl from tho right lateral wall 

of the eeophairua. 

genital and generally thought to ari.se from a bud or diverticulum of the primi¬ 
tive foregut. Other theories assume the imperfect closure of a tracheoesophageal 
fistula or the i.solation of one of the vacuoles normally present in tho embryonic 
esophagus. Ranstrom" collected twenty such cases reported prior to 1946, and 
describ ed two from his clinic. Tlie majority of these patients were newborn 

Prom the Tumor Senice. United States Marina Hospital. 
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infants in wliom the diagnosis was made at autops3^ We have found but 
two cases in Avliich ciliated epithelial cysts of the esophagus were removed 
surgicall.y.®- ® 

We have recently treated a young Avoman who presented the clinical 
features of a benign tumor of the esophagus. Pathologic study of the mass 
excised from the esophageal wall revealed that it was a ciliated epithelial cyst. 


CASE REPORT 


K. B., a 22-.vcar-old white married woman, was admitted to the Tumor Service of tlie 
United States Marine Hospital on Bee. Kt, 1940. She complained of difficulty in swallowing 
of four weeks’ duration. Past history and family history were not relevant to the present 
illness. 



FIk. 2.—Ciliated epithelial cy.st excised from the wall of the esophagus (cm. scale). 


Present illness was dated from one month prior to admission when the patien rs^ 
noted slight difficulty in swallowing solid foods. This dyspliagia progressed and or o 
week before admission even liquids were swallowed with difficulty. The act of swa 
was accompanied by moderately severe substemal and epigastric pain. There ha sen 


vomiting or regurgitation. 

Ph 3 'sical findings wore entirely within normal limits. The chest was clear to percuss 
and auscultation. There were no enlarged peripheral lymph nodes. 

Laboratory e.xaminations of blood and urine revealed no abnormalities. 

X-rai’ examination of the chest was considered normal. Fluoroscopic and radiograp 
examinations of the esophagus with barium revealed a filling defect in the mi e ir 
the esophagus (Fig. 1). A mass appeared to arise from the right anterior wall of 
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esophaga* and protrude Into its luraeiL "Wlien largo nmounta of barium were swallowed the 
raaas was displaced and permlttwl free passage of the mctxL The mdiolof^st believed that 
tlie mass was an intramural, cxtramucosal tumor of the esopliagus, probably benign. 

Esoplmgoscopy revealed the esophagus to ho normal except for an area 28 cm. from 
the upper dental arch. Ilere tliero was bulging of the right lateral wall into the lumen but 
the mneoaa was intact and the instrument was passed to tbo cardia with ease. A preoperative 
diagnosis of leiomyoma of the esophagus was made. 



Pic. S.—PhotomJeroermph, X'lSO, of Inner flbrouB portion of the ci’st wall showlnc n llnInR of 
psoudostratincil clHnted columnar epithelium. 

Exploratory thoracotomy was carried out on Dec, 16, 1049. Tlie patient was anesthetized 
with endotracheal nitrons oxide, oxygen, and other, and a right ]>osterolaternl incision made. 
The seventh rib was resected and the right plenral space entered through its bed. The right 
lung was normal. In the posterior mediastinum, just below and posterior to the right main 
bronclma, was a cystic mass C cm. in diameter. The mass was intimately attached to the 
right anterior wall of the esophagus and the muscular coats of the esophagus expanded over 
the mass and lost themselves upon its surface. The mass was excised from the esopliageal 



926 


THE JOURNAT. OF THORACIC SURGERY 


wall by blunt and sharp dissection. During the dissection tlie cyst ruptured and several drops 
of gray, viscid fluid oozed from the opening in its wall. The lumen of the esopliagns was 
not entered. The muscular coats of the o.sophngus were approximated over the defect with 
interrupted sutures. The mediastinal jfleura was not closed. Prior to closure of the chest a 
mushroom catheter was introduced through a slab wound in the fifth intercostal space. 



Fig. -t.—Photomicrograph, XtOO, of Inner portion of the cyst wall which cR®''® i„,,pr of 
on the right, of p.seudo.stratlfled ciliated columnar epithelium and on the loft a imn i 
stratified, relatively flat cells. 


Post operatively the catheter was connected to underwater drainage. Chest roen 
genogrnms revealed complete expansion of the lung and the catheter was removed on t le 
second postoperative day. The patient was given a liquid diet immediately after operatic 
and a soft diet on the fifth day. Postojmmtive roentgenograms of the esophagus showed no 
abnormality. The jiatieut was discliargcd on the thirteenth day after operation, 
well and symptom free three months after operation. 

Gross Tailioloflic Exominalion .—The cysts measured 3 b}’ 4 cm. after rupture 
Sectioning revealed that it contained gray gelatinous fluid. The wall was 5 mm. in t uc' 



OLEDniLL AND ilORROW: EPITHELIAL. CVST OF ESOPHAGUS 927 

The lining of the trytt Tvn« comignteri and simulated the macoan of small intestine. Blocks 
from the cyst ^11 Tvero 8ul)mitte<l for microscopic examination. 

ilicnxtcopic Eiamination *.—Tlie inner portion of tlie cyst wall is formed of dense, 
sparsely cellalar fibrous tissue wliicU is hyalinlied in some areas. Tills layer blends in an 
Irregular fashion Aritli tho surroundinp lamina of smooth muscle. In the Inner fibrous portion 
of the wall there are scattereil collections of foamy macrophages and occasional foci of 
lymphocytes and neutrophils. In the areas where these changes are most prominent the cyst 
Is devoid of nn epithelial lining. Elsewhere there Is a lining of either pseudcJstratifled ciliated 
columnar epithelium or a very tliin stratified layer of relatively flat cells (Figs. 3 and 4). 
This latter tj*pe of epithelium is seen infrequently and in small areas. Diagnosis was clllateil 
epithelial cyst of the esophagus. 


SmiMARY 

A ctLSc of ciliated epithelial cyst of the middle one-third of tho esophagus is 
described. The cyst caused partial obstruction of the esophafjns which was 
relieved by transthoracic excision of the lesion. 
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SURGICAL CORRECTION OP A DOUBLE AORTIC ARCH 

Walter P. Bugden, M.D. 

Syracuse, N. Y. 

G reat strides have been made recently in the diagnosis and surgical treat¬ 
ment of cardiovascular anomalies. For greater accuracy in diagnosis the 
radiograph and stethoscope have been supplemented by angiocardiography and 
cardiac catheterisation. As a result many anomalies that formerly were case 
reports based upon autopsy material arc now diagnosed in time for surgical 
correction. Tliis report, is an example of a congenital vascular ring correctly 
diagnosed and jjroperly treated by ligation and division of the offending primi¬ 
tive arch. 

In 1737, Hammel first de.seribed a oa.se of double aortic arch and since that 
time over forty cases have been i-ei)orted in the literature. Recently Gross and 
Ware, and Sw'eet reported four cases successfully diagnosed and operated upon 
with subsequent relief of the symptoms of constriction. 

Embryologically a double aortic arch is the result of the pereistence of both 
fourth branchial arches, and the fusion of the arches with the dorsal aortas to 
form the descending aoila. The resulting anomaly constitutes a vascular ring. 
The most common anatomic pattern consists of a large right aortic arch which 
I)asses to the right of the esophagus and trachea in a posterior direction, then 
turns to the left behind the esophagus and trachea and joins the smaller left 
aortic arch. On the other hand, the left aortic nr'ch passes anterior to the 
esophagus and trachea and then posteriorly to .join the right aortic arch. The 
continuation becomes the descending aorta. 

In 1939, the .symptomatology w’as nicely described l)y Wolman. These in¬ 
fants have noisy, stridorous respirations, usually noted promptly after birth, 
but not always. Feedings may be slow and accompanied Acith respiratory em¬ 
barrassment in tile form of dyspnea and cyanosis. In addition episodes of 
respiratory infection are common. Any one or all of these sjouptoms should 
suggest to the examiner the possible existence of a constricting ring. 

New'hauser presented carefully .studied ^-ocntgenologic findings of four cases 
from The Children's Hospital in Boston. He believed that there may be no 
abnormality on the straight posteroantci-ior film but in the lateral A’iew there is 
nariTiwing and anterior displacement of the trachea at the level of the aortic 
arch. If the e.sophagu.s is filled w'ith barium there appears a roiuided pulsating 
mass posterior to the esophagus Avhich, of course is the posterior right aortic 
arch displacing the esophagus forward. At the same time in the posteroantenor 
film the esophagus is visiblj' nanwed from both light and left sides due to tic 
pressure of the vascular ring. Further if Lipiodol is instilled into the tiac lea 
it also may be narrowed in the posteroantcrior diameter. 

Griswold and Young haAm said that Avhen a double aortic arch causes sjnip 
toms of constriction, these symptoms Avill develop during the first tw'o 3'ears 0 

Prom the Department of Surgeo'. Syracuse Medical College. 

Kecelved for publication March lA, 1960. 

928 



DUQDEN: StmOIOAL CORaECTION OP DOUBLE AOSTIO ABOH 


929 


life. Purthennore, the mere diagnosis of double aortic arch is not an indication 
for operative intervention. S.vmptoms should be present before surgery is con¬ 
sidered. 

The proper treatment is surgical division of one of the arclies—thus reliev¬ 
ing the constriction. The anterior arch is more accessible surgically and is 
usually smaller, but l)eforc ligation of either arch the anatomy of the vascular 
pattern must be carefully understood. 



Flc. 1.—Preoperatlve barium ewollow ahowln* bUateraJ Indentation of the ejwphaffu* at the 
level of the aortic arch. Note the <lllate<l diatal eaophaEu* and atomach- 

CASE REPORT 

J. U., a 14-iDonth-old female Infant, wan admitted to the S^Tacuse Memorial Hospital 
Julj 28, 1D49, because since birth this child hod had choking episodes, and difBculty in 
breathing associated with the feedings. Respirations were noisy and wheery, especially 
when sleeping or crying. During these spells the child beenmo bine and on occasions 
respirations apparently censed. The parents kept oxygen at home for such emergencies 
and the assistance of the police or hospital resoscitator had been called for on several 
occasions. Three months before admissioD, while in Florida, snbsequent to a severe episode, 
she was treated for bronchopnonmonia. Three weeks before admission she was resuscitated 
in the emergency room of another hospital and again a diagnosis of aspiration pneumonia 
was made. At this admission a vascular ring was considered as a possible etiological factor 
by the attending pediatricians (Drs. M. P. and 0, N.). 
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The baby had a t«-in and the sister was four pounds heavier and one-half inch taller. 
The mother stated that the other twin developed skills several weeks sooner than the pa¬ 
tient. 

Physical examination revealed a well-developed and nourished J4-month-old white 
female infant. She was alert and cooperative. Wheezing respirations were prc.sent and 
these became aceentualcd when the infant cried. The rest of the examination was negative. 

Bronchoscopy was done on July 1.3, ]ft49, by Dr. L. S. who described a reddened 
trachea with definite narrowing of trachea in the anteroposterior diameter, just above the 
Carina. Abnormal pulsations also were noted in this region. 

A barium study was made of the esophagus on .Inly 20, ]tt49, by Dr. C. H. Radio¬ 
graphic and fluoroscopic examination of the chc.st and esophagus showed that there was 
definite narrowing of the esophagus at the level of the aortic arch. The narrowing was 
bilateral, and the defect was tyjiical of a congenital aortic ring. The nature of the de¬ 
formity of the esophagus suggested that the vascular anomaly was a double aortic arch. 
The distal esojihagus was dilated as was the stomach (Pig. 3). 



KIr. 2.—Sketch of tlic anatomy ns found at operation. 

Conclusion was that the exaniination of the esophagus showed definite deformity due 
to a vascular ring. The vascular anomaly was prolmbly a double aortic arch. The cardiac 
shadow was normal. Tlierc was no evidence of disease in the lungs. 

Exiiloratory thoracotomy was jicrformcd on Aug. I, 1949. 

Patient was given rectal anesthesia and inlratrnchenl general anesthesia. Blood ua. 
started immediately in the right ankle. Patient was placed on her right side, and the le t 
chest was prepared and draped in the usual manner for a thoracic operation. Usual postero 
lateral incision was made in the left fifth intercostal interspace. The fourth and fifth n )s 
were fraetured at their posterior attachmont. A rib-spreader was introduced. The p eura 
on the left lateral surface of the superior mediastinum was opened, and dissection wa 
begun above the aortic arch. The left common carotid and left subcla\ian arteries w 
isolated, and tapes were placed around them for traction. The arch of the aorta uas co 
pletely exposed and an anomalous blood ve.sscl was found to arise from the ascen ing ao 
This vessel was isolated by further dissection and was found to have one branc w ic w 
cephalad and was thought to be the right subclavian artery. Another ' ”f°the 

the esophagus and trachea and reunited with the arch of the aorta o 
esophagus. This vessel formed a complete vascular ring about the esophagus and tra 
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Cckudad to thlf vobouIet rinp;, the esophagus was buUwus and dilated. Poaterior to the 
eflophaguB and the trachea, this anomalous vessel was closely adherent to these structures. 
A large artery arose from the posterior arch to tho left of the esophagus and passed 
obliquely to the right. It vras considered to be tho right common carotid artery. Hnally, 
it Tvas decided that it would be easier to transect tho vascular ring anteriorly for techni¬ 
cal reasons, since the cxxwsurc posteriorly would It© difticnlt to obtain (Fig. 2). 

Tho anterior arch of tho aorta was temporarily damped at a point just proximal to 
tho common aorta. The circulation to all carotid and subdavian vessels remained good. 
Therefore it was decided to transect tho arch of the aorta anteriorly. The anterior arch, 
jast in front of tho esophagus, was then doubly Hgnted with No. S silk, and divided. Sub¬ 
sequent to the division the ends spread loterally for a distance of 4 cm., and both the 
trachea and esophagus moved forward. Therefor©, it was felt that the vascular ring, which 
had constricted the esophagus, was definitely released. 



Fig. I.—Postoperative barium swallow. 


The pleural cavity was then irrigated and hemostasis checked. The superior medias¬ 
tinum was not repleurnlized. The thorax was then clohed in anatomic layers. A nibl>er 
tube was placed low in the pleural caWty, (connected to a "water seaK for drainage) 
to maintain re-expansion of the lung. The patient tolerated the procedure veiy- well. 8he 
received 350 c-c, of blood on the table and was returned to hor room In good condition. 
The iwitopemtivo coarse was uneventfuL Some stridor was present for several days, 
which was considered to be Iniy'ngcal edema due to the endotracheal tube. The child was 
discharged on the eighth postoperative day in good condition. Since discharge from the 
hospital she has gained weight and is now the same size as tho twin sister. The mother 
states that she can no longer tell which twin Is erring. Feedings are normal and on- 
eventful. 

On Jan. H, 1960, a repeat barium swallow* was reported. Complete radiographic and 
fluoroscopic examination of the cheat revealed the heart to be of normal size, shape, and 
position. The lung fields wore clear. There was no eridence of active pulmonary disease. 
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The fifth and sixth ribs on tho left posteriorly showed moderate callous formation following 
fracture due to a thoracotomy. The barium passed freely through the esophagus into the 
stomach. There was no evidence of constriction or deviation. There was tho normal con¬ 
cave marking that wo see at the level of the aorta. The lumen was of normal caliber 
throughout. There was no posterior defect on the esophagus as one sees when there is a 
double aortic arch or a right aortic arch. The stomach was filled with air, but was of 
normal size for a patient of this ago (Fig. 3). 

Conclusion was that the heart and lung fields were normal. The esophagus was 
of normal caliber throughout, and there was no evidence of stricture or defect around the 
region of the previous surgery. 


SmiMARY 

A case of double aortic arch is presented wliich was correctly diagnosed 
and successfully treated by operation. The diagnosis is suggested from the 
history and physical findings, and is easily confirmed by bronclioscopic and 
roentgenologic studies. The only treatment is surgical correction by division of 
one arch. 

I should like to express niy appreciation to Dr. .T. W. Chamberlain and Dr. tVilHani 
Michaels for valuable help given. 
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THE BLOOD PLOW THROUGH AN ATELECTATIC LUNG 

Viking Oixiv BjOrk, M.D., and Ernst P. Sal£n, AI.D. 

Stockholm, Sweden 

A S SOON ns an atelectasis has developed, the blood flow through this area 
is considerably decreased. During the first days and weeks this decrease 
in blood flow through an atelectatic part has been estimated to bo about 50 
per cent of the normal (Moore, 1931, and Berggren, 1942). With the aging 
of the atelectasis there will be a continued decrease in flow until practically 
no blood at all is passing the atelectatic parts. 

In an acute atelectasis aU venous blood from the nonventilated parts of the 
lung is mixed with fully oxygenated blood, thus reducing the oxj-gen content 
of the arterial blood. The arterial oxj'gen deficit, which is most pronounced 
in the acute atelectasis, ivill diminish at the same rate as the blood flow through 
the atelectatic part decreases. 

The decreased blood flow in the atelectatic part of the lung might be pro¬ 
duced by contraction of the large branches of the pulmonary artery or by 
collapsed capillaries around the empty alveoli. Some clinical findings speak 
in favor of the latter possibility. In three cases with a total tuberculous stenosis 
of one main bronchus, a thoracoplasty had been performed one, two, and four 
years preidously. No arterial oxygon deficit was found with the lung breathing 
air or 100 per cent oxygen. When the pneumonectomy was performed the pul¬ 
monary artery to the atelectatic lung was found to be larger than expected and 
nearly of normal siie. Purthermore, it is well known that the capillaries close 
down in a resting part of an organ. 

experimental FINDINaS 

Some experiments were performed to produce atelectasis in the dog. The 
blood flow through the atelectatic part of the lungs was demonstrated by nngio- 
cardiography and the arterial oxygen deficit was determined. 

Acute Atelectasis 

During intravenous narcotal anesthesia acute atelectasis of the right lung 
of a dog weighing 13 kilograms was produced with the aid of a Carlens double¬ 
lumen catheter for bronchospironietry. Each lung was then breathing sep¬ 
arately. While the left lung was breathing ordinary air, the right was first 
breathing 100 per cent oxygen and was then connected to a valve only permit¬ 
ting the outflow of gas, but no inflow. 

The development of the atelectasis was followed by' x-ray' investigation at 
fifteen-minute intervals. After two hours the x-ray' picture showed a pro¬ 
nounced atelectasis of the right lung with mediastinal shift and the right border 
of the heart only 1 cm. from the right chest wall. Still the right lower lobe was 
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air-eontaiinng. With this partial atelectasis of apin-oximateb' oue-lialf of the 
right lung the arterial oxygen content was investigated (according to Van Slyke 
and Neil): there Avas partial atelectasis of the right lung; the left lung hreatli- 
ing air equaled 89.5 per cent arterial oxygen saturation; the left lung breath¬ 
ing 100 per cent oxygon equaled 95.9 per coni arterial oxygen saturation. 

Then a complete atclcctasi.s of the right lung ivas obtained by appljdng 
continuous strong suction (noth a vacuum cleaner) to the right tube of the 
double-lumen catheter. The roentgenogram slio\sTd a total atcleeta.sis of the 
right lung with the right bordei- of the heart out at the right chest wall (see 
Fig. 1). 



l.~Total «c«to atelectasis of the rIeUt lung. 


A heart catheter was now introduced through tlie right external jugular 
vein, through the right side of the heart out into the pulmonaiy artery. Angio¬ 
cardiography Avas tlien performed by injection of 40 ml. 70 per cent Diodiast 
A\nth an over-pressure syringe (according to Jon-sson). Six x-ray hlms Avere 
automatically exjiosed at intervals of one second. Simultaneous exposmes in 
right angle jilanes Avere not taken in order to avoid the disturbance of secon ary 
radiation. 

The angiocardiograph}’ shoAved approximately the same size of the pcripli 
eral branches of the pulmonary^ arteries on both sides (see Pig. 2, A). Some 
seconds later one of the left pulmonaiy veins (I/V) aa’os clearly visible at t le 
same time as one right upper pulmonary vein (RV) emptied into the left auric e 
(F) (see Fig. 2, B). The amount of contrast in the peripheiy of the ngn 
atelectatic lung seemed to he greater than in the left lung. 
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C<mdusion .—In nn ncute atelcctnsis the pulmonary arteries do not get 
smaller and tlie ea|)illnrj’ bed i-omnins open as indicated by the contrast filling 
o£ pulmonary arteries and veiiLs simultaneously on both sides. The contrast 
filling of the periphery of the atelectatic lung is at least ns pronounced ns on 
the other side. 

The arterial oxygen content during total acute atelectasis of the right lung 
was investigated; there was total atelectasis of the right lung; the left lung 
breathing 100 tier cent oxygen equaled 88.0 per cent arterial oxygen satura¬ 
tion, 36.2 Tolnines per cent carbon dioxide. 



A. B. 

Fig. i,— A, Angiocardiography show* the snmo slxe of the peripheral pulmonary artery 
branches during acirte atelectasis of the right lung as compared with the ones of the dlstenrttKi 
left lung. 

B, Both left (I/V) and parts of tho right pulmonari' i-elng (iJT) arc niled with contrast 
medium, emptying Into thrf left auricle (F). Tho contrast nillng of the perlphoiy of the 
atelectatic right lung seem* somewhat more pronounced tlian on the left aide. 

To see tlie influence of the atelectasis on the flow of blood througli nonven- 
tilated parts of the limgs, the following experiment was performed: 

The right lung was again freely ventilated when the atelectasis completely 
disappeared. The roentgenogram showed the heart in tho normal iMjsition, the 
trachea in the middle, and an air-containing right lung. Then the right lung 
was made to breathe 100 per cent nitrogen for fifteen minutes when tho arterial 
oxygen content was investigated; the right lung breathing 100 per cent nitro¬ 
gen; the left lung breathing 100 per cent oxygen equaled 85.9 per cent arterial 
oxygen saturation, 36.3 volumes per cent carbon dioxide. 
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Conclusion.—The loss of oxygen from the blood in the lung breathing 100 
per cent nitrogen can he considered compensated by tlio other lung. An approxi¬ 
mately equal arterial oxygen deficit is found with complete atelectasis of one 
lung as compared until the same lung breathing 100 per cent nitrogen. This 
indicates that the decrea.se of blood flow due to an acute atelectasis is of the 
same order as that due to the increased resi.stance in the capillary bed of a 
lung breathing 100 per cent nitrogen. Still a considerable amount of blood is 
passing through the nonvcntilated area in the acute .stage of an atelecta.sis. 



FIk. 3.—Total atelectasis of the rlplit limp with nioiUasKnal shift and a remaining pneum 


Chronic Atelectasis 

Chronic atelectasis was produced bj' ligation of all bronchi to the rigl 
lung. After a premedication of 1 eg. of morphine with 
thesia was induced with narcotal intravenously on a dog weighing Oo 
An intratracheal tube was then introduced and positive pressure an^ esia 
tinued with ether and oxygen using the spiro-pulsator. The iig 
opened after resection of most of the fourth and the posteiioi pa o i 
ribs. The azj’’gos vein was divided between ligatures and trac ea ui i o 
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main bronclii was dissected free. Tl>e right upper lobe bronchus was found to 
leave the right main bronchus at the same level as the carina and had to he 
ligated separately. Then the main bronchus to the rest of the right lung could 
be isolated and tied with a thick ligalui'e (boot-laces were used to prevent 
cutting tlirough). The wound was closed and air aspirated from the right 
chest. 



Flir. 4. —L.ateral an^ocardlogrnphy shows lifht snd left pulmonary artery 

(LP) to be of the same slxe after total atelectasis of the rleht lung for twenty-four hour#. 
LV the left pulmonary- vein. 

Twenty-four-hour Atelectasis .—The day after the operation the dog was in 
good condition and running around. Roentgenogram showed a total atelectasis 
of the right limg wdth mediastinal shift to the right. There was a remaining 
pneumothorax on the operated side hut no compres.sion from exudate (see Pig. 
3). All arterial samples for analyses were taken under intravenous narcotal 
anesthesia and after insertion of an intratracheal tube. The first sample was 
taken when the dog was breathing air. The second sample was taken when the 
dog had been breathing 100 per cent oxygen for fifteen minutes. The connection 
to the intratracheal tube was fitted with an expiratory valve permitting the ex¬ 
piratory air to escape. Blood gas analyses were performed according to the 
Van Slyke and Neill manometric method ivith double determinations of the 
oxygen content as well as of the oxygen capacity of each sample. Blood analysis 
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after twenty-foiir-liour atelectasis showed: lung breathing air equaled 810 
per cent arterial oxygen saturation, 36.7 volumes per cent carbon dioxide; 
lung breathing 100 per cent o.xygen equaled 93.6 per cent arterial oxygen satura¬ 
tion, 37.2 volumes per cent carbon dioxide. 

Angiocardiography with a ventrodoi-sal x-ray direction was perfomed ac¬ 
cording to Robb-Steinberg, Avith injection of 40 ml. SO ])cr cent Umbradil in 
a hind-leg vein. The vessels in the atelectatic right lung could not be seen due 
to the contrast medium filling of the heart. 

Another angiocardiograiihy was now performed using the same Rohb-Stein- 
berg technique injecting 40 ml. 80 ])cr cent Umbradil, but with the dog in a 
sliglitly rotated lateral position. The main right jiulmonary artery to 

the atelectatic lung was found to be of the .same size as the left pulmonary arteiy 
{LP). The lower left pulmonary vein {LV) was also visible (see Fig. 4). 

Threc-da}! Aidectnsia. —After three-day total atelectasis of the nght lung, 
-X-ray investigation shoAved an increased distention of the left lung (see Fig. 5). 
Blood analysis .shoAved: lung breathing air equaled 76.5 per cent arterial oxA'gen 
saturation, 41.4 volumes per cent carbon dioxide; lung breathing 100 per cent 
o.xygen equaled 97.1 per cent arterial oxygen .saturation, 43.1 volumes per cent 
carbon dioxide. 

Angiocardiograjiby .shoAved the same picture as Fig. 4, Avilli the same size 
of the right and left pulmonary artery. 

Sir-dai/ Aidcctam. —After si.x-day total atelectasis of the right lung, blood 
analysis shoAA'cd: lung breathing air c:|ualed 83.0 per cent arterial oxygen sat¬ 
uration, 45.7 A'olumcs per cent carbon dioxide; lung breathing 100 per cent 
oxygen e(|ualed 94.8 jicr cent ai’tcrial oxygen saturation, 38.0 A'olumcs per cent 
carbon dioxide. 

Tu'ch'c-daij Aidcdonix. —Blood analysis slioAved: hing breathing 100 per 
cent oxygen eqtialed 92.4 per cent arterial oxygen saturation, 44.6 A'olumcs per 
cent carbon dioxide. 

Tiventihfour-dau Aldcdasix. —Blood analysis .shoAved: lung breathing 100 
per cent oxygen equaled 100.5 jicr cent arterial oxygen saturation. No arterial 
oxygen deficit remained, lung breathing 100 per cent oxygen. 

One-month Atdedasis. —Angiocardiography .shoAA'cd the same picture as in 
Fig. 4, AA'ith the same size of the right and left pulmonary artery. 

Eight-month Atdectasis. —Blood analysis shoAved: lung breathing aii 
equaled 66.8 per cent arterial oxygen .saturation; lung breathing 100 per cent 
oxygen equaled 97.3 per cent arterial oxygen saturation. 

Angioeardiogi'aphy Avas peiTormed through a heart catheter inseited 
through the left external jugular A’cin into the pulmonary artery; 50 ' 

per cent Umbradil Avere injected AA'ith an over-pressure syringe. With the og 
in a slightlj' rotated lateral jrosition, a considerable decrease in the size o e 
right main pulmonary artery aa’rs demonstrated (see Pig. 6, A). On t e x raj 
picture the diameter of the main right pulmonary arteiy measured 9 mm., as 
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comimred with a dinmotcr of 15 mm. of the left pubaouarj- artery. The cor¬ 
responding diameters were equal or 15 mm. on hotli sides after one-month atelec¬ 
tasis. 

Another angioeardiognipliy was then performed with a doisoventral direc¬ 
tion of the TocntgenogmiTLs, Init otherwise n-ith the same techniqne. The right 
pulmonary artery was found to have deeieased in siie when compared with the 
left pnlnionarj- artery (sec Fig. 6, 7J). 



Flf. 6.—Roenteenogmm after total nteleotoal* of the right limg for three days. 

One second later the contrast medium has passed thiough the left pulmonary 
arterj’ and is filling the left pulmonary veins. At the same time on the right 
side the right pulmonarj' arterj- is still filled with contrast, hut no contrast 
medium is visilile in the right pulmonarj- veins (see Fig. C, C). 

Autopsy was then performed showing a complete obstruction of all hronclii 
to the total atelectatic right lung. All pulmonary arteries and veins had a 
macroscopically normal appearance, llicroseopic investigation showed atelec¬ 
tasis of the right lung with no signs of fibrosis. 

In two cases of hronchial occlusion with atelectasis of the right upper lohe 
due to biDUchiogenic carcinoma the following values were found. Atelectasis 
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of right upper lobe for more than six weeks: breathing air equaled 88.6 per 
cent arterial oxygen saturation; breathing 100 per cent oxygen equaled 98.8 
per cent arterial oxygen saturation. Atelectasis of right upper lobe for about 
two weeks: breathing air equaled 91.4 per cent arterial oxygen saturation; 
breathing 100 per cent oxygen equaled 95.2 per cent arterial oxygen saturation. 

Conclusion .—In ehronie atelectasis the blood flow through the nonventUated 
areas of the lungs diminishes with the age of the atelectasis. At the same time 
the arterial oxygon deficit diminishes with the lung breathing 100 per cent 
oxygen. No arterial oxygen deficit remained after total atelectasis of the right 
lung of a dog for twenty-four days. In one case of bronchiogenie carcinoma 
ivith right upper lobe atelectasis for two weeks an arterial oxj'gen deficit re¬ 
mained. In a similar case of more than six weeks' duration, there was prac¬ 
tically no arterial oxygen deficit with the lung breathing 100 per cent oxygen. 

During tlie first month of an atelectasis the arterial oxygen deficit is greatly 
diminished or disappearing. The blood flow through the nonventilated parts is 
diminishing at the same rate. When the greatest change in the blood flow 
through the ateleetasis is to be found, the corresponding artery has not at aU 
diminished in siie. 

After eight-month atelectasis the corresponding pulmonary artery had 
diminished in sire, but still its diameter was 60 per cent of the contralateral 
pulmonary artery. The contrast medium in the artery of the atelectatic lung 
did not empty at the same time as on the other side, and no pulmonary veins 
were filled. 

The blood flow through atelectatic parts of the lungs is therefore thought 
to be shut off in the capillaries. The large branches of the pulmonary artery 
are filled with slowly circulating blood, which passes either not at all or extremely 
slowly through the capillary bed of the atelectatic area. 

SUMMARY 

In an acute ateleetasis the pulmonary arteries do not become smaller, and 
the capillary bed remains open as indicated by contrast medium simultaneously 
filling pulmonary arteries and veins on both sides. The contrast filling of the 
periphery of the atelectatic lung is at least as pronounced as on the other side. 
An approximately equal arterial oxygenation deficit with complete atelectasis 
of one lung as compared with the same lung breathing 100 per cent nitrogen 
is found. This indicates that the decrease of blood flow due to an acute atelec¬ 
tasis is of the same order as that due to the increased resistance in the capillarj- 
bed of a lung breathing 100 per cent nitrogen. StUl a considerable amount of 
blood is passing through the nonventilated area in the acute stage of an atelec¬ 
tasis. 

The blood flow through an atelectatic area is continuously decreasing dur¬ 
ing the first month, until practically no blood is passing through the nonven- 
tilated part of the lungs. At the same time there is no decrease in size of the 
main branches of the corresponding pulmonary artery. Therefore, the blood 
flow is thought to be shut off in the capillnry bed, which is gradually closing 
down. 



942 


THE JOURNAL OF THORACIC SURGERY 


In a long-standing atelectasis the pulmonary artery Avill decrease somewhat 
in size. The contrast medium does not disappear from the artery in the atelec¬ 
tatic part in the same time as on the healthy side, nor are the pulmonar}’’ veins 
filled with contrast medium in the atelectatic part at the same time as on the 
healthy side. The blood, therefore, is considered to fill out the arteries of the 
atelectatic lung but 1o pass either not at all or extremely sloAvIy through the 
capillary bed. The capillaries are considered to be closed down in the same 
way as in a resting part of an organ. 
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WOUND HEALING FOLLOWING LUHTED HESECTION OF THE 
PAHIETAL PLEUEA 

Charles AV. Findlay, Jr., M.D., and Edward Lee Howes, M.D. 

New York, N. V. 

T he sargical removal of pleural membranes that limit pulmonary e-vpansion 
was popularized during World War II as appropriate treatment for sterile 
and contaminated fibrothoraces following pleural injury.*' ’ The procedure 
was applied subsequently to w.sceral pleura thickened hy tuberculosis.'' * Sarot 
has reported extrapleural total or partial resections of the lung with simultaneous 
removal of affected visceral and parietal pleura for pulmonary and pleural 
tuherculosis.*' ° Tchertkoff and Selikoff noted fewer complications after extra¬ 
pleural pneumonectomy than after transpleural removal of the lung.* 

With increasing interest in the role of the pleura in intrathoracic surgery 
as well as the healing processes of the endothorax following pleural denudation, 
the following study was performed to determine tissue repair after limited 
pleural resections. 

SIETHOD 

Under intratracheal ether anesthesia, thoracotomies were performed on 
adult cats through the sixth intercostal space. Since it is difficult to remove a 
desired portion of normal pleura from the cat without shredding, a segment of 
pleura was excised from the anterior thoracic wall with the adjacent transverse 
thoracic muscle. A uniform lesion, measuring 2 by 1 cm. was made and the 
parietal defect was outlined by silk stitches for later identification. The chest 
wound was closed in layers about a catlietcr using silk technique. The lung was 
re-expanded on the operating table with the aid of positive intratracheal pres¬ 
sure, the catheter and water-seal drainage. After maximal expansion, the 
catheter was removed and closure of the wound was completed. 

Animals were killed at intervals from tlie second to the twenU’-eighth post¬ 
operative days. There was no incidence of empj'cma and all cats did well follow¬ 
ing operation. At autopsy, the pleural wounds were removed and sections wore 
prepared with hematoxylin and eosin and Masson’s trichrom stains. 

RESULTS 

Gross.—During the first postoperative week, the surface of the wound was 
smooth and dull. There was edema of the surrounding pleura up to the fifth 
day. The wound was depressed, proUabl.v because muscle was removed ivith the 
pleura at the time of resection. After the first week, the lesion became pro¬ 
gressively more glistening and at the end of two weeks, interlacing fibrous 
strands crossed the defect. No contraction of the wound was obsciwed. 

Adhesions were absent on gross examination. This was due perhaps to 
partial pneumothorax during the early postoperative period. There was also 
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moderate gliding motion of the lung over the anterior chest which would prevent 
adhesions at the site of such a minor injury. 

Microscopic .—Two days after operation the jiarietal wound was covered 
vdth a thin layer of fibrin that extended over the adjacent normal pleura. Be¬ 
neath this was a vacuolated layer of fibrin containing a small number of leuco- 
cjdes (Fig. 1). Most of these were mononuclear although a significant number 
of polymorphonuclear cells were prc.sent. These cells infiltrated the subjacent 
fat, facial and muscle planes which were edematous. The edge of the wound 
was well delineated by the discontinuity of the .suhplcural collagen la3’er. 






Fie. 1.—Pleurni wound two dn.vs after operation. Note irreeulnr nbrin iayer containine tew 

infianmintory ceils. Xl24. 

Leucocjdic infiltration of the wound and adjacent tissues gradually in¬ 
creased up to the fifth da.v. Mononuclear cells predominated. There Avas pro¬ 
gressive thickening of the overhung fibrin lav'cr during this period. On the 
fifth da.A^ the fibrin ot'cr the Avound AA'as laminated. Inflammatoiy cells were 
still present in the deeper structures, but the amount of tissue edema AAas i 
minished. There Avei’e maiiA'^ fibroblasts in the deeper lajmrs of the sur ace 
exudate. They bordered the interetices of the laminated fibrin and were oc 
casionallj’^ on the Avound surface. They Avei'e particularly numerous near t e 
edges of cut muscle. Manj’^ fibroblasts Avere undergoing mitosis (Fig. 2). 

Fibroplasia subsequently Avas progressive so that b^’’ the ninth daj, the 
AVOund was covered bj’’ smooth, cellular, fibrous tissue (Fig. 3)., Fi rm Ava^ 
absent, but tliere Avere tinj-- capillaries in the deeper layers. A sing e aver o 






ALVEOLAH-UKLL TUMORS OP THE LUNG*^ 
Euoenk R. Griffith, Jorix R. McDoxald, M.D.,t and 

0. Therox C^A<^^r^T, M.r>.§ 

Rocmkstkr, Mixx. 


A LVEOLAR-CELL tuinoi>i of the luiDi jirc ivcognized ns one of the rare pul- 
monnrj’ neoplasms. In recent years smltcred cases have been reported 
under Uvo common liendin^^: “alveolar-cell carcinoma” and “pulmonary’ 
ndenomatosiB.'’ IfnlaRSCz’ reported the first case of nodular alveolar-cell car¬ 
cinoma in 187C, and in 1903, I\Iussei~ descnhcd tlie first case of diffuse alveolar- 
cell carcinoma. In 1907, Ilelly^ rcporleil the fiisl case of pulmonary adenoma¬ 
tosis. The lessiona in nil these crm^s were morpholoj^ically the same. From this 
time to April, 1949, 51 ncceptnbir '-aacs <tr pnlmonarv alveolnr-ccll tumors were 
reported under the two Iiendinv^ '^ivcn ulmvo. Ilonovcr, tbe etiology' of these 
■neoplaRTas still remains a to|>ic Tor hcoled debate among the hlstopnthologists. 
Until definite proof can be establislied tnai tlieye pulmonary tumors are derived 
from cither ectodermal or ineseuchym:il liNSue, tbe term '■ alveolar-cell tumor,” 
first introduced liy Ncuhiierger/ is still II'O mast nccciuiiblc name. 

Pulmonary alveolar-cell tuMcn' tn m;iii is only oi«e i»t' many pathologic con¬ 
ditions in which cells line the jit\»sdar spaces In 1&43. Ueevci’, Neubuerger, and 
Da\ns* outlinetl fifteen general ''omlitions in tiu.n luid nuimals in wliich the 
alveoli were linetl witli epitlieliul-like eelK. The disease, jagziekte, of sheep 
U mentioned by many authors ns iM'Mie similar to nlveolar-ccll tumors in man. 
However, jngziektc is seen mainly in \frico, Ivii'*'i>o. Jlontnnn, and Iceland. 
Prom DungaUs* report, in 1946, it api ’iirH almifsi certain that this is oji in¬ 
fectious disease whicli is not ti'ansferabl- to man. It b> true that the microscopic 
picture of jngziekte is similar to that ol olvcolnr-cell tumor in man, hut tliis is 
also true of many lyjics oC pneuinonin. 


H.VTERIAI. AXD J1KTHODS 

The first case of surgically excised nlveolar-rcli tumor of the lung (Case 1) 
was encountered at the Mayo Clinic in 1943. Since then there have been 6 
other cases in which operation w'as performed. The clinical historj', laboratory 
reports, and pathologic aspects were studied in these 7 cases. Special stains 
were used on the i-esected imlmonarj- tissue, including hemntox>’lin and cosin, 
Gomori reticulum, mucicannine, Sudan IV, and van Gieson stains. The cells 
of each tumor were gmde<l on a basis of 1 to 4 to designate their relative state 
of anaplasticity, grade 1 representing the least change and gi-adc 4 the greatc.st 
change. 
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REPORT OP CASES 

Case L-A 54-ycar-ol(l woman first registered at tl.o Mayo Clinic on Feb. 3 1943 

Teriod^shr irsrL”i7rourdr(5rki;opa™ 

»r.a 13.1 am., 11,0 >ca,m.nt„t,o„ into . 32 , recolgcnognim, of 11 ,c Item., rcoo^.j , 
opc p,„oo,, 0111,0 1,000 of 11,0 lof, lo„or lobe, «„a molllplo icl., f., ,„bo,o„l.oi, g.fo ..HL" 
rooullo. Brooohoooop,. „ 1 ,„ g.vo pcg.livo roooll,. No „j.,„logi„ ooomloolioo J m.ao®^ 



1 (Case 1). Alveolar-cell tumor of the nodular type Involving the lower left lobe. Mul¬ 
tiple mucold-appcnrlng nodules are present. 

Left lower lobectomy was done on Fob. 15, 1943, by one of ns (CIngett). No evidence 
of metastasis was found in the left side of the thorax at operation. The entire lobe was re¬ 
placed by a pinkish mass, which on cut surface was composed of nodules that tended to be¬ 
come confluent (Fig. 1 ). The pleura tvas not involved. The cut surface of the tumor was 
glistening. Histologically the picture was that of a typical alveolar-cell tumor with tlie cells 
showing only a moderate degree of irregularity (grade 2). Numerous cells contained mucus 
(Fig. 2). The stain for fat showed fat in the interalveolar septa but none in the tumor cells. 
Tliero were numerous lipophages in the neoplastic as well as in the nonneoplastic alveoli. The 
reticulum stain revealed that the alveolar septa were intact in the region of the tumor. The 
patient died on the fifth postoperative day of myocardial infarction. Necropsy disclosed no 
tumor in the lobes of the right or loft lung. There was no metastasis elsewhere. 



ORIPFITH AND ilCUONAU): ALVEOLAR-CELL TUilORS OF LUNG 051 

Case SL—A SC-ycar-old wIiitp woman gave a hietorj* of nonproductive cough and dyspnea 
of two year*^ duration, Nino moutha prior to edmlwlon, after an attack of inflnenia, she 
noticed that she was having n great amount of fatigue. One month before admission she 
began to notice progressive nnorexia and nocturnal dyspnea. Shortly thereafter, she began 
having nausea, Tomiting, chill?, and fever. Two days prior to admission her cough became 
productive of blood and pus. This was followed by pain In the left upper part of the thorax. 
She gave no history of loss of weight. Her poet history was noncontributory except for 
pneumonia several years prior to ndmisslon. On physical examination the border of the liver 
was palpable ond the blood preN^ure was 178 systolic and 04 diastolic expretsed in miUimeterB 
of mercury. Otherwise the exanunatlon gave negative results. The erythrocytes numbered 
4,830,000, the leucocyte count nu" 4.HOO, a serologic reaction for syphilis was negative, the 
hemoglobin content was 14.2 Qm. jwr 100 ex. of blootl, the sedimentation rate was 40 mm. in 
one hour (Westergren), urinalycria gav*- negative results, and the acid-fast stain did not dis¬ 
close any tubercle bacilli but cytoingu- ••\aminatlon of the sputum revealc<l carcinoma cells 
that appeared to be of the nlveolar-cell i Roentgenograms gave evidence of pneumonitis of 
the lingular portion of the loft upjer ' Bronchoscopy gave negative results. 



Left upper lobectomy -was performed. At operation no evidence of metastasis was found. 
Grossly the lingular portion of the upper lobo waa Involved with pinkish-white tumor which 
appeared nodular on cut surface. There was no pleural involvement, ilicroscopic examination 
revealed typical alveolar-cell tumor with moderate irregularity of the nucleoli (grade 2). The 
mnclcarmlne stain gave mildly positive results. The reticulum stain showed Intact alveolar 
septa. The stein for fat disclosed a lorge amount of fat in tlie alveolar septa but none in 
the cells. 

The patient waa living and well six months after operation, with complete relief of cough 
and dyspnea. 

Case 3.—A 47-year-old white woman was admitted with the history that a severe attack 
of bronchitis had occurred four years previously. Two yean before admission, a severe pro¬ 
ductive cough developed; this was accompanied by one episode of hemoptysis. Penicillin 
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therapy was instituted witli relief of symptoms. Seven nioiitlis before admission slie again 
liad a cough that was productivo of wnterj- sputum and was accompanied by snbstemal dis¬ 
comfort after coughing. All studies for tubercnlo.ais gave negative re.sulta. On physical 
examination the left lower part of the thorax was dull to percussion, and a few rides were 
present. She gave a history of having had pneumonia three limes and pleurisy three times, 
Tlie erythrocytes numbered 4,610,000, the leucocyte count was 6,700, a serologic reaction for 
syphilis was negative, tirinalysis gave negative results, the sedimentation rate was 38, the 
hemoglobin content was 30.S Gm., and the loentgciiogrnm showed an area of pneumonitis in 
the left lower pulmonary field. IJrnm-bo.seopic e.vaminalion gave negative results. C 3 'tologie 
examination was reported as giving negative results at that time, but later the cells seen in 
the sputum were classified ns carcinomji cells. Left lower lobectomy wa.s performed. At 
the time of oiiemtion no evidence of mefa.«ln.sis was found. On gross examination the lower 
four-fifths of the lobe was solidified and airless and was repliieed by a ]nnlfish-white tumor. 

I 



Fig'. 3 (Case -1).—Alveolar-celt tumor of boUi dlfTuse _-„nnearance of tb® 

entire right lung. Note tlic (lifTuse tumor In tlie mhidle loho and the not 
upper and lower lobes. 


The remainder of the lobt? Ii;id se:i((ercd nodules averaging 0-5 em. in lined h}' 

involvement was found. On mici'oscojfic c.xaminalion the pulnion.w^ a vco i ' ncentive 
cells characteristic of alveolar-cell tumor (grade 2). The mncicarmine ®® ^ f],g 

results. The reticulum stain .showed the alveolar septa intact. Ko ,\t was 
tissue was stained with Sudan lA'. 

Tlie patient was living and well one year after oiwration. 


Case 4.—A 5.8-year-old white man cninc to 
mittent drj- cough of five years’ duration which 


ll,e clinic with tlie chief complaint of intcr- 
hnd turned productive of thick yellow mucus 
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two wcckfl prior to nilmlssion. Ont^ }*cnr prior to ndiniffllon during one of hib cougUing nttnclcB, 
ho Imd ]»ecn given iKjnicillin with relief of aymptoms. Hla pnst history rcvonled eiertional 
dyspnea of n mild nnturo for ten yean*, elironic iilooliolii>n\ for tire years, pneumonia at 14 
yeatB of age, and muliirfti «nent«*en yean* prior to tlio ndmlwlon. Tlte erjihrorj'tes numbered 
4,830,000 nnd the Icueocytos per enbic millimeter of blooil, S4 per eent of the leucocytes 

were polymorphonuclear cells, n 'H.Tologic reaction for pyphilis was positive, urinalysis gar© 
negative results, nnd tho rocnt-.'nngram showed a dense hemisphoricnl shadow on the right 
with Its flat snrfncc against thr [mstorior axillary portions of tile sixth to the tenth ribs* Tho 
lateral roentgenologic view rc\< :d«wl emphysema of the middle lobe nnd contraction of the 
riglvt lower lobe. Bronehoftcoi)ii «xnmination guve negative results, Cjiologic examination 
of three epoclmons of sputum nl>.> gave negative roMilts. 



Pl|^ i .—Same case ns In Flit. 3. Nolo llic markCil amount of mucus In the alveolar tpacei and 
the latxo voluminous colls on Intact septa (hcmaloiylln and eosin, X200>. 

Bight pnenmonectomy was [lerforine.!. At the time of oiiemtion no evidence of motasta- 
sis was found. Groesly, tho right middle lobe wns nirless, voluminous, and completely replaced 
nitli a pinkish tumor which on out surface was mucoid. Tlio right upper and lower lobes were 
not as dlffuKely involved as wm* the middle lobe but they contained many no<lulcfl tliat ineas- 
ureil 5 mm. to \ cm, in dinnitder (Fig. 3). The mucoid appearance was similar to that seen 
in the middle lobo. Microscopic examination rovcaleil that tho pulmonary- alveoli in the tumor 
portions were lineil by columnar cells having voluminous cytoplasm nnd small nucleoli (grade 
1 malignancy). The most marked feature was tho production of mucus which was evident 
not only in the tumor cells but also in the adjacent lumlnn of the unlnTolve<l pulmonary alveoli 
(Fig. 4). Tlio alveolar septa were not thickonctl and were easily demonstrated by the reticulum 
stain. Tliere were many lipophages In tho involved as well ns in tho nninvolved alveoli. All 
parts of tho tumor revealed similar atnicturo. 

Six months after operation there rvna roentgenogrnphic evidence of recurrence In the 
left lung. 

Case 5.—A 30-yonr-old white woman gave a history of productive cough without hemop¬ 
tysis for fifteen months. After tlicsc symiptonis had coutinueil for five montiis she was sent to 
a tul)ercalosis sanatorium liocaase of siigg<*stivc roentgenograplilc evidence obtnlnctl by her 
physician. One month after admission to the sanatorium she began having afternoon fever, 



954 


THE JOURNAL OP THORACIC SURGERY 


night swcnts, Jimited Jicmoptyais, exertional dyspnea, and pain in tiie loft lower part of the 
tliorax following deep inspiration. After five months in the sanatorium she was dismissed be¬ 
cause all investigation for tuberculosis had given negative results. However, she continued 
having productive cough, afternoon rise of temperature, fatigue, and dyspnea until her admis¬ 
sion to the clinic. Prior to admission she had lost nineteen pounds (8.G kilograms). Physical 
examination gave essentially negative results on admission except for a few rales in the bases 
of both lungs. The past history was noncontributorj- except for a severe bronchitis ten years 
prior to admission and one attack of pleurisy. The erythrocytes numbered 4,110,000 and 
the leucocytes 7,300, the value for hemoglobin was 12.4 Gm., a serologic reaction for syphilis 
was negative, the sedimentation rate was 37, urinalysis gave negative results, and the roent¬ 
genogram showed dense infiltration of the left rctrocardiac region posteriorly with parenchymal 
infiltration of the right midpulmonnry field. There was also parenchymal infiltration in the 
upper part of the loft lung. On bronchoscopy no lesion could be visualized but biopsy of 
tissue taken from one of the rocntgcnogrnphically positive regions proved the lesion to be 
alveolar-cell tumor. Cytologic studies of sputum and bronchial secretions obtained the same 
day were all positive for carcinoma cells that were consistent ^s•ith the diagnosis of alveolar-cell 
tumor. Acid-fast stains of the sputum were negative for tubercle bacilli. 

Because of the nature of the lesion it was decided to do a segmental resection of the 
involved lobes on both sides. Left lower lobectomy was done first. Two months later, right 
upper lobectomy with segmental resection of the right lower lobe was performed. On gross 
examination two-thirds of the left lower lobe was replaced by a pinkish-white, airless mass. 
The remaining lobe appeared to be normal grossly at the time of ojmration. The pleura was 
uninvolved. The right upper lobe was also partially replaced vrith pinkish tumor which 
femled to show nodularity, with the nodules rnnging from 0.3 to 1 cm. in diameter. There 
was some jinckcring of the pleura but otherwise it was uninvolved. Microscopically the tumors 
in the different lobes presented similar histologic nppcarancc.s. The cells had pinkish cytoplasm 
anil fairly regular nuclei (grade 2). The tumor was thromi into papillary infoldings. The 
reticulum stain showcvl tliat the septn were intact. A moderate amount of mucus could Im 
demonstrated by tlic raucicarminc stain. 

The patient died on tlic sixth postoperative day of right-sided heart failure. 


Case G.—A 34-ycar-old white woman came to the clinic with tho chief complaint of 
recurrent pnin in tho l)ack for n period of two months. For four months she had noticed a 
swelling in the right cervical region. Biopsy of n node at that time disclosed hyperplastic 
lymphadenitis. Her one respiratory complaint wns cough for three years. Her past history 
was noneontributory except for right-sided pleurisy seventeen years prior to admission. Tlic 
erythrocytes numbered 4,400,000 nnd tlio leucocytes 9,500, the results of urinalysis were 
negative, the leucocyte difTorcntial count was normal, tho blood phosphorus measured 3.9 mg. 
per JOO C.C., the sedimentation rate wns 81, and the roentgenograms of the thorax revealed a 
lesion in the left lung posterior to the hiluni with some appenrnneo of pleural involvement. 
Bronchoscopy' gave negative results. Cytologic e.xnminntions of the sputum and bronc ua 
secretions were not done. 

Left lower lobectomy wns done. No evidence of metastasis at tho time of operahon 
was noted. On gross examination the entire lower lobe was voluminous, solid nnd nirlws. e 

cut surface wns pinkish nnd had tlie consistency of liver. There wns some nodularity. n 

the anterior surface there was puckering of the pleura but otherwise the pleura was uninvo ve ^ 
Histologically the alveolar septa were lined by colls having pinkish cytoplasm which m T® 
wns clear. The cells were thrown in papillary' infolds. The reticulum stain reyea e 
alveolar septa. The stain for fat showed fat in the interalveolar septa but none in e 
cells. The tumor cells had fairly large nuclei nnd varied considerably in size (gra e 
mucicarmine stain gave positive results in some parts of tho section. evealed 

Four years after lobectomy cervical lymph adenopathy developed. lopsy 
Hodgkin's disease. The patient died two years later. Necropsy was not done. 

Case 7.—^A G2-year-old wliite woman gave a history of nonproductive ^ 

months’duration. Her cough was aggravated by walking, hut there wns no is ry o 



OBSTRUCTING INTRABRONCHIAU HODGKIN’S UISEASB 
Cask Repokt 

John F. IIkkiinsiin-, M.D.,' and Jerome T. Grimmer, Jt.D.t 
Portland, Ore. 

H erein is reiioiiod n i nse of an unusual endolironeliial tumov which was 
shown to be Hodgkin s disease by bitinchoscopic biop.sy specimen. A left 
supraclaviculur l,\nnph node biop.sy .supi>orled this diagnosis. To our knowledge 
the literature has recordtsl only one other case in which an ante-mortem diag¬ 
nosis of endobronchial Hodgkui’s di.scase has been made in tliis manner. Ham¬ 
mond,' in 1941, reported a Ifi-yeai-old boy with a partial tracheal obstruction 
and a mediastinal mass. Broneli Meop.v was performed twice for tlie diagnosis 
and to relieve the olistruction. v right tracheal-wall pcrlnncnlated tnmor just 
above the Carina and acting ii' a ball-valve manner on the light main-stem 
bronchus was found. The second bisnichoscopic biopsr' revealed Hodgkin’s 
disease. X-ray therap.v was instituted. 

Autopsietl cnge.s of intralironchial Hodgkin’s disease have been described. 
Jlurohison,* in 1870, reported a C-.vear-old girl in whom the smaller bronchial 
walls were replaced ivith “adventitial tissue’’ typical of Hodgkin’s tumor. In 
1885, Ribbert’ recorded narrowing of the bronchial tree by intramural Hodgkin's 
disease. There may be partial'- * or complete''”' bronchial occlusion from 
extra."’ ’’ or intramural, tumor causing partial or total pulmonarj- atelcc- 
tasis.'"’" Tracheal involvement'-" and tracheoesophageal fistula'® have 
been reported. 

The incidence of Hodgkin’s disease is given ns 0.24 per cent by 'Wnllhnaser" 
(15,783 routine autopsies) and ns 0.33 per cent by Jackson'® (18,658 routine 
autopsies). Intrathoracic involvement (autopsy and chest roentgenogi-am) varies 
from 40 per cent to 80 per cent.*' "•*” In 212 cases, Goldman" found 30 
of 89 (33 per cent) “early cases’’ and 94 of 124 (76 per cent) “late cn.ses” had 
intrathoracic Hodgkin’s disease. Intrabronchial involvement was found in 2 
of 18 autopsies by Moolten'"; 2 of 16 autopsies by Krueger and Jleyer"; and 
2 of 10 autopsies by Praenkel and Mucli” in cases of known Hodgkin’s disease 
(over-all average of 13.6 per cent), iloolten lielieved that bronchial involve¬ 
ment must be thought of as among the moat tj-pical features of pulmonary 
Hodgkin’s disease. 

Pathologically Hodgkin’s disease is now generally classified in the l.r-mphomn 
group.*®' ** The pulmonary lesions may be pr’unarj’ (autochthonous), originating 
from tlie lymph nodules within the lung parenchjTna or snbmuco.sn of the bronchi 
or secondary, by direct extension or metastatic spread of the tumor colls.'*’ ” 
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Pulmonaiy Hodgkin’s disease has been macroscopieally classified in essen¬ 
tially similar mannei-s by various authors."-Hartfall’s"® classification 
is listed: 

1. Root infiltration from a mediastinal glandular mass. 

2. Massive intrapulmonary Hodgkin’s disease. 

3. Diffuse fibrous infiltration (which proves to be Hodgkin’s disease 
microscopically). 

4. Discrete or nodular disseminated Hodgkin’s disease. 

The lesion then progresses: 

1. By direct e.xtension into the lung. 

2. By extension along the bronchi. 

3. Lymphatic spread via : 

a. peribronchial 

b. perivascular 

c. subpleural 

d. intei-stitial 

4. By vascular involvement, for examjile, by entry into the bronchial or 
pulmonaiy veins or arteries. 

6. By a combination of the preceding. 

Others have divided the disease according to the microscopic appearance 
and have made prognostic correlations.’®- 

AVillis®® lists the microscopic spread of malignant tumoi-s in general in the 
following ways: (1) Direct extension into and infiltration of tlie tissue spaces 
along anatomic cleavage planes by tlie tumor cells with progression in size of the 
lesion. This is always the initial and most fundamental mode of spread. (2) 
Invasion of, and progression along, the Emphatic vessels. (3) Invasion of the 
veins and capillaries Avith thrombosis and tumor emboli. Willis believed that 
Hodgkin’s disease may spread in the .same manner. “Hilar lesions may sur¬ 
round and invade the main bronchi, and .so may be indistinguishable grossly from 
bronchogenic carcinoma.” The term “pan-bronchitis” has been used for the 
total replacement of the bronchial Avail A\-ith tumor cells and the inflamed 
appearance of the mucosa.®'- ®® 

The folloAving case correlates the clinical features of an obstructing bronchial 
tumor Avith the diagnosis of Hodgkin’s disease. Such correlation has been 
reported prcA-iousIy only in autopsied cases, except for the one reported by 
Hammond. 

CASE REPORT 

E. G. H., a 24-year-old Avhito man, entered the A^etornns Hospital, Portland, Ore., on 
July 18, 1949, for treatment of a bronchiogcnic carcinoma. 

On Ma)' 7, 1949, the patient was hospitalized elsewhere with a right lobar pneumonia 
(chills, temperature, 105° F.). One month prior to admission, he had had cough, fatigue, 
and irritability. After six days of hospitalization and Crysticillin therapy, he returned home 
feeling well. On May 23, 1949, tlie patient was readmitted because of sudden right pleuritic 
pain and constant low-grade fever. A chest roentgenogram revealed clouding in the rigi 
lower lung field. Despite Crj-sticillin and aureomycin therapy, the patient maintained a ow 
grade fever Avith elevations to 102° to 103° F. Two tlioracenteses ivero performed, the first 
yielding no fluid, and the second, 12 c.c. of sterile sanguineous purulent fluid, Eepented chest 
roentgenograms revealed no change. 
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right hllnr mnss), nnd 1 ^‘jOu p over the left cervical port (lymph node biopsy area) using a 
Thomeus filter. Tlio patient's blood picture was follou-etl by a complete blood cell count 
every two to four dnys whil<‘ under treatment. The white blood cell count vnrietl from 5,000 
to 0,000 with an essentially normal diiTereDtlal white blood cell count, the eosinophil count 
never exceeding 4 per cent Tlic lienioglobln rose from 12.5 to 14.6 gram per cent. 
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Tlio patient received no other treatment except general supportive therapy and one course 
of crystallin penicillin of 100,000 units evcrj' three hours from July 20 to Aug. 3, 1949. The 
tcmpcraturo graph revealed au average periodic evening rise to 99.8° F. during this same 
period, remaining normal thereafter. 

Clinically tlic patient had gained weight, had become cheerful and optimistic. There 
was complete pulmonary expansion with good breath sounds over the right chest. Patient 
was therefore discharged. 

On Jan. 9, 1950, approximately four months after completion of the x-ray therapy, the 
patient returned for re-examination by the Tumor Board. He had no complaints, had main¬ 
tained his weight, and was working. Clinical examination was within normal limits. A chest 
roentgenogram was essentially the same ns on Aug. 31, 1949. Bronchoscopy at this time 
revealed normal bronchial trees bilaterally; nil orifices were identified on the right and there 
did not apj)oar to be any mucosal irregularity. The patient was discharged for further Tumor 
Board follow-up study. 

DISCU&GIOK 

Several points are of interest in the preceding case. 

1. As with an.v type of obstructing bronchial lesion, tlie initial phase was 
of a partial collapse, stasis of bronchial secretions, and finally pneumonitis, this 
last cansing symptoms that forced the patient to seek medical aid. The pneu¬ 
monitis cleared on antibiotic therapy only to reappear because the basic lesion 
remained unchanged. Finally, as the obstruction became complete, antibiotic 
therapy had. no appreciable effect. 

2. In the other case I'cporled in the literature analogous to the preceding 
one, despite a seemingly adequate biops.v (as also in our case) on the first 
bronchoscopy, a mieroscojiic diagnosis could be made only of inflammation. A 
second bronchoscopy and biop.s.v were needed for the true diagnosis. 

3. This case exemplifies the paucity of ph.v.sical signs pathognomonic of 
cla.ssieal Hodgkin’.s disease. Also the dramatic rcsiionse of this disease to 
adequate x-ray therapy. 

4. Routine bronchoscopy in all cases of Hodgkin’s disease, even udthont 
clinical evidence of bi-onchial oh.strnction, might prove of value diagnostically, 
therapeutically, and statistically. 

5. The fact that pi-imar.v ])ulmonary Hodgkin’s disease, Ihough certainly 
not common, can simulate acute inflammatory disease, pulmonary abscess, pri¬ 
mary’^ tuberculosis, and bronchiogenic and metastatic carcinoma^® cautions the 
diagnostician to use all facilities in making an accurate etiological diagnosis of . 
any pulmonary lesion. 

SUMMARY 

A case of oh.structing intrabronehial Hodgkin’s disease diagno.sei 
choscopic biopsy specimen is reported. A remew of the . literature ’ 
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A TECHNIQUE FOR THE SURGICAL TREATMENT OF CONGExNITAL 
EVENTRATION OF THE DIAPnRAO]\t IN INFANCV 

Report op a Case 

WixKiKi.n L. Butsch, j\I.D.. and Upon J. Lkahy, ]\LD. 

BuPii'ALO, N. Y. 

T he maiiapemeDl of confieiiital ovciilration of the diaphragm in 

iiifaiK'v has rarely Ijccn the subject of i>ub]ished repoils. Only two cases 
that have undergone successful operation wei’C discovered in the literature, 
both of these aj>peared in the past two years. 

This case is re]iorted because it diffci's from the pre\ious two in that it 
occurred on the left side, the infant was youngci’, and there was a different type 
of operative technique employed. 

Bisgaid* described the first .surgical correction of this condition in an infant 
aged 6 weeks. His method consisted of a transthoracic operation for a right- 
sided eventration with plication of the diaphragm using three superimposed 
rows of interrupted mattress sutures of silk. The ])lcat, thus formed, was tunied 
downward between the diajihragm and the livci'. The dia])hragm was of normal 
a])poaruncc consisting of muscle and an excellent result was reported twenty-two 
months following the operation. 

State* has recently described a tran.sabdominal tcclini(iuc by means of which 
he corrected a right-sided eventration in a male infant 6 weeks of age. Exposure 
was made through a .subcostal incision. The diajdiragn was found to be of 
normal muscular dcveloj)ment but high in position reaching to the second inter¬ 
space antenorly. The anterior ])ortion of the dia))ln’ngm Avas brought doum 
and .sutured to the anterior costal margin. The posterior part of the diaphragm 
was then united to the right crus and renal fascia. To ]n-cvent pi-essure on the 
ncAvly formed diaphragm, only the .skin of the abdominal wall Avas closed. The 
incisional hernia, thus created, Avas rci)aircd a year later. 

CASE REPORT 

JI. S., a D-fla^'-old ivliitc fcaiale iafnal wiiH referred* to tlic Children s Hospital on 
ytny ]7, 1940. Delivery hud been didiciill nnd prolonfjed. The child was cjanotic 
Voluntary respirntion.s were estubli.^hed finally, after a trial of several hours -nith ar * 
measures. Followin'; this the baby again became cyanotic whenexer food was o ere 
upon crying. Oxygen was administered most of the time. There wa.s a progressn e we g 
loss from 7 pounds 4 ounces at birth, to 0 pounds, 2 ounces. 

Admission e.xnmination .showed a fairly well-developed baby who breat c wi 
vious difficulty. No difTereucc was noted between the e.xpansion of the tno si bb ° 
thorax. The percussion note was liyperrc.sonnnt on the left although goo irea s 
could be heard on that side. The heart tones were best heard at the rig it or er 

sternum. 

From the Department of Surgery, University of Buffalo School of Medicine, a 
Children’s Hospital of Buffalo. 
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The ventilation during exertion was apparently sufficient to prevent excessive 
accumulation of carbon dioxide. The rise in CO- tension which was seen in a 
few instances cannot be considered as abnormal. The accumulation of lactic 
acid during exercise, as shown by the fall in whole blood buffer base, was not 
excessive for indiWduals who are on the whole poorly trained. 

The rise in saturation in three instances (including the case with a low 
resting value) must lie due to improvement in alveolar ventilation/pcrfnsion 
relationships imder the stimulus of exercise. Such a rise is not uneommonl.v 
seen in moderate degrees of emphysema. Factors leading to such improvement 
are increase in alveolar ventilation, more intimate alveolar mixing, and increased 
pulmonary capillarj' surface across which diffusion must take place. It can be 
concluded that in each of the patients studied ventilatorj' abnormalities were 
present, which in all but two instances lead to deficient blood oxygenation in 
the lungs, either at rest or duiinu moderate exercise, or both. In spite of this 
aU but two patients were able lo lend useful lives and some of them performed 
moderatelj' severe physical exen ise. 

Wo are grateful to Dr. WiUiam B. SeeDian of the MalUnckrodt Institute of Eadiology 
for Ms help in tlio interpretation of tlie radiograms. 
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